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Abstract 
Neocosmospora root rot is an emerging soilborne disease of peanut (Arachis hypogaea L.) crops in 
Australia caused by Neocosmospora vasinfecta var. africana. The fungal pathogen was first identified 
in southern Queensland in 2005 following extensive damage to an irrigated peanut crop, and has since 
been found in all peanut growing areas in Queensland and New South Wales. Typical symptoms of 
the disease include extensive chlorosis and wilting of the plant starting from the main stem, and a 
blackened and decayed root system with reddish-orange perithecia of N. vasinfecta present on 
necrotic tissue of the main tap root and lateral root system as well as the pods. While the disease has 
been widely observed in agricultural production areas of Australia and is considered one of the most 
destructive pathogens of peanut, the biology, ecology and aetiology of N. vasinfecta is largely 
unknown therefore the biotic and abiotic factors that may influence the infectivity of the pathogen 
and severity of disease epidemics have not been identified. The purpose of this thesis is to investigate 
the biology, ecology and aetiology of N. vasinfecta var. africana and understand how these factors 
may contribute to the pathogenicity of the fungus.   
Due to limited knowledge of the biology of N. vasinfecta var. africana, a morphological and 
molecular approach was taken to determine the taxonomic identification and the morphological 
characteristics of the pathogen. The results of the morphological analysis of isolates collected from a 
range of peanut growing areas in Queensland identified the fungus to the species level as 
Neocosmospora vasinfecta. Further morphological analysis of the ascospores confirmed the 
characteristics of the ascospores to be consistent with the morphological description for the variety 
africana. Morphological analysis of isolates collected from peanut crops in Georgia were also 
consistent with N. vasinfecta however a MegaBlast search revealed the species variety to be 
vasinfecta which may account for the difference in pathogenicity seen between the two countries.  
Neocosmospora root rot has been identified in all peanut growing areas in Australia, however 
outbreaks of the disease have been sporadic and contained to isolated areas of peanut crops. An 
investigation into the behaviour of N. vasinfecta var. africana concluded that the fungus is likely to 
originate from foci of infected plants where soil inoculum is high and environmental conditions are 
conducive to infection, and is spread to neighbouring plants. N. vasinfecta var. africana has been 
identified as the most prevalent fungi isolated where plants have exhibited symptoms such as wilting, 
chlorosis, plant death and root decay, and therefore is considered to be a primary pathogen. There is 
the potential for N. vasinfecta var. africana to infect plants in conjunction with other pathogens such 
as peanut Tospovirus, which was evidenced by the presence of Tobacco Streak Virus (TSV) in the 
roots of peanut plants exhibiting symptoms of Neocosmospora root rot. Perithecia of N. vasinfecta 
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var. africana were also present on the roots of peanut plants exhibiting symptoms of Capsicum 
Chlorosis Virus (CaCV) infection. 
Artificial infection of susceptible hosts with N. vasinfecta var. africana in glasshouse situations to 
reproduce the symptoms observed during outbreaks of the disease in the field is largely unsuccessful, 
and has cast doubt on the pathogenicity of the fungus. Based on the results of several experiments 
conducted, it is likely N. vasinfecta var. africana is an opportunistic pathogen that relies on a 
particular biotic or abiotic stress to trigger infection of plants by the fungus, however further work is 
required to identify this contributing factor. A seedling bioassay was developed for inoculation of 
peanut, chickpea (Cicer arietinum) and soybean (Glycine max) seedlings with N. vasinfecta under 
controlled conditions. This study found N. vasinfecta var. africana readily colonised germinating seed 
and 7-14 day old seedlings of all three species, leading to root decay and seedling death at 25-30°C 
and 85% relative humidity in a controlled environment chamber, therefore indicating the fungus may 
require specific conditions to initiate infection.  
The results of an investigation of the host range of N. vasinfecta var. africana found the fungus is 
able to colonise a variety of leguminous hosts including peanut, chickpea, soybean, mungbean (Vigna 
radiata), and non-leguminous cereal grain and fibre crop hosts including cotton (Gossypium 
hirsutum), corn (Zea mays), sorghum (Sorghum bicolor) and wheat (Triticum aestivum). Colonisation 
of these plants by N. vasinfecta var. africana did not produce any typical symptoms of disease and 
did not have a detrimental effect on the growth and development of the host plant. Therefore it is 
possible N. vasinfecta var. africana has an endophytic capacity. Based on the results of survival 
studies of N. vasinfecta var. africana, it is apparent that it readily colonises the dried stems of peanut, 
chickpea, soybean, sorghum and corn particularly when buried under moist soil or sand, indicating 
saprophytic capability.  
This work has contributed to previously limited knowledge regarding the biology, ecology and 
aetiology of Neocosmospora vasinfecta var. africana as a soilborne pathogen of peanuts. This is the 
first major study to investigate Neocosmospora root rot as an emerging economically important 
disease of peanut and field observations indicate soil waterlogging may be a key trigger for the disease 
and the reason for sporadic epidemics of the disease to date. 
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CHAPTER 1 
General Introduction 
 Research background 
Peanut (Arachis hypogaea L.), or groundnut, is an economically important annual subtropical legume 
crop grown for human and animal consumption (Stalker 1997). The majority of world peanut 
consumption is in the form of oil, however peanut butter and other snack foods also comprise 
approximately 48% (Rachaputi & Wright 2016) of consumption in most countries. The Australian 
peanut industry is relatively small in comparison with worldwide production, with only 0.1% (Wright 
2010) of the total 43 million tonnes (FAOSTAT 2016) produced in Australia. The majority of peanuts 
grown in Australia are consumed domestically, along with imported product in accordance with 
market demand for locally produced, Hi Oleic peanuts (Wright 2010).  
Peanut plants are highly susceptible to both disease and insect pests, causing significant losses due to 
seedling and plant death and direct pod damage leading to yield loss (Stalker 1997; Rachaputi & 
Wright 2016). Foliar diseases such as rust (Puccinia arachidis) and leaf spots (Mycosphaerella 
berkeleyi and Cercospora arachidicola) are more widespread than soil-borne pathogens (Stalker 
1997) however diseases such as Cylindrocladium black rot (Cylindrocladium parasiticum), white 
mould (Sclerotium rolfsii), and Sclerotinia blight (Sclerotinia sclerotiorum) can severely limit yields 
(Maas et al. 2006; Rachaputi & Wright 2016) in many peanut growing regions.  
Neocosmospora root rot is considered to be an emerging soilborne disease of peanut in Australia 
caused by Neocosmospora vasinfecta var. africana (Arx). Extensive crop damage caused by the 
disease was first reported in an irrigated peanut crop in the North Burnett region of Queensland 
(Fuhlbohm et al. 2007) and has since been found in many other areas worldwide (Dau et al. 2010; 
Pan et al. 2010; Gai et al. 2011a; Sun et al. 2011a). Neocosmospora root rot is characterised by 
symptoms such as leaf chlorosis and wilting followed by rapid plant death and the presence of 
reddish-orange perithecia on the taproot and lateral root system of the plant (Fuhlbohm et al. 2007). 
There have been reports of peanut root and pod rot caused by N. vasinfecta in Taiwan (Huang et al. 
1992), Vietnam (Dau et al. 2010) and China (Pan et al. 2010; Gai et al. 2011a; Sun et al. 2011a) that 
have reported similar symptoms in the field and after inoculation of plants under controlled 
conditions.  
Neocosmospora vasinfecta has also been reported as a pathogen of chickpea in Pakistan (Ali et al. 
2011) and soybean in the United States of America (Gray et al. 1980; Greer et al. 2015), China (Gai 
et al. 2011b) and South Korea (Sun et al. 2014). Ali et al. (2011) described the symptoms of 
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Neocosmospora root rot of chickpea as yellowing of the plant followed by wilt-like symptoms with 
rotted root tips and discolouration of the vascular tissue, similar to the symptoms observed for 
infected peanuts. Infection of soybean is primarily described as Neocosmospora stem rot (Gray et al. 
1980). Greer et al. (2015) describes the symptoms as foliar chlorosis and wilting, the presence of stem 
lesions and perithecia of N. vasinfecta on the roots, nodules and crown area of this plant, which is not 
dissimilar to the symptoms observed for peanut and chickpea. While Neocosmospora root rot has 
only been sporadically recorded in chickpea and soybean crops in Australia (Plant Health Australia 
2001), the potential for outbreaks of Neocosmospora root rot in these crops is a serious risk.  
There have been numerous reports worldwide of N. vasinfecta as a pathogen of peanut, however there 
is still limited information regarding the severity of epidemics within peanut crops both in Australia 
and worldwide, hence the biology and aetiology of N. vasinfecta as a pathogen is still largely 
undescribed. Many of the reports of Neocosmospora root rot of peanut and soybean have not 
identified the pathogen to the species variety level, therefore it is unclear if N. vasinfecta var. africana 
or N. vasinfecta var. vasinfecta has been the primary pathogen causing disease symptoms (Baard & 
van Wyk 1985; Sun et al. 2011a). Fuhlbohm et al. (2007) described the pathogen of peanut as N. 
vasinfecta var. africana in Australia which was also reported in Taiwan, China and South Korea 
(Huang et al. 1992; Dau et al. 2010; Gai et al. 2011a), however Gai et al. (2011b) and Sun et al. (2014) 
reported the soybean pathogen to be N. vasinfecta var. vasinfecta. Further work to clarify the 
pathogenicity of Neocosmospora spp. and identify the primary pathogen of peanut, soybean and 
chickpea is therefore required.  
While the reports of severe Neocosmospora root rot of peanuts have only been made in the past 
decade, there has been a significant economic loss caused by the disease in Australia.  These reports 
have highlighted the need to classify the disease as an important emerging pathogen of peanut. In the 
2011/2012 peanut growing season, Neocosmospora root rot of peanut crops in the Emerald region, 
central Queensland, resulted in an estimated $5.4 million in yield loss (G. Wright, unpublished data) 
with unknown losses recorded in other regions. The impact of this disease on the Australian peanut 
industry and lack of information available on the pathogen emphasizes the need to conduct research 
on the pathogen itself, including the biology, ecology and aetiology. This information will assist in 
gaining a better understanding of the behaviour of the pathogen, the plant response during infection 
and the biotic and abiotic factors that contribute to outbreaks of the disease.  
  
3 
 
 Thesis aim and objectives 
Aim 
To develop a better understanding of the aetiology, biology and ecology of Neocosmospora vasinfecta 
var. africana as a pathogen of peanut in Australia and to develop a reliable, low cost and rapid 
phenotypic screening technique to assess peanut breeding lines for resistance to the pathogen.  
Objectives 
a. To describe the fungus found in Australia to the species variety level using morphological and 
molecular (internal transcribed spacer region) identification techniques. 
b. To determine the distribution and incidence of Neocosmospora root rot in Australia. 
c. To investigate the pathogenicity and the compatibility of N. vasinfecta var. africana to peanut, 
chickpea and soybean in Australia. 
d. Develop a seedling bioassay as a potential rapid, low cost phenotypic screen for peanut, chickpea 
and soybean cultivars under controlled conditions.  
e. Consider other crop species as alternate host plants of N. vasinfecta var. africana. 
f. Investigate the survival of N. vasinfecta var. africana on previous crop residues as a saprophytic 
mechanism for overwintering. 
 Thesis outline 
This thesis is structured into eight chapters. Chapter 1 is a general introduction and background to the 
research topic, while Chapter 2 provides a review of relevant literatures. This review gives an 
overview of the botany, agronomy and production of peanut in Australia and some of the common 
soilborne disease that impact peanut yields. This review also provides a comprehensive overview of 
Neocosmospora vasinfecta as a pathogen of peanut and the biology of the fungus. 
Chapter 3 is an evaluation of the morphology and phylogeny of N. vasinfecta in Australia and 
elsewhere to determine the species responsible for crop outbreaks of Neocosmospora root rot. This 
chapter differentiates between N. vasinfecta var. vasinfecta and N. vasinfecta var. africana and 
identifies the pathogenic species responsible for disease incidence in Australia. This chapter also 
examines the geographical distribution of the pathogenic fungus in Australia and the USA, and the 
optimum temperature for fungal growth in culture and how this may influence the morphological and 
phylogenetic characteristics of N. vasinfecta.  
The focus of Chapter 4 was to determine the distribution and incidence of N. vasinfecta in Australia, 
and examine the potential for outbreaks of the disease to originate from isolated hot spots in the field 
and spreading to non-affected areas. Data collected from cultivar demonstration trials in 2013 and 
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2014 provides information about potential tolerance to the disease within commercial Australian 
peanut cultivars. The relationship between N. vasinfecta and other pathogens such as peanut 
Tospovirus is also examined in this chapter.  
Chapter 5 investigates the pathogenicity of N. vasinfecta var. africana to peanut through a series of 
glasshouse and controlled environment inoculation techniques. A seedling bioassay was developed 
during this work for potential use as a rapid phenotypic screen for 7 day old seedlings for genetic 
tolerance against N. vasinfecta infection. Chapter 6 evaluated the pathogenicity of N. vasinfecta var. 
africana in chickpea and soybean seedlings and appropriate methods for inoculation, including the 
use of the seedling bioassay technique, under controlled conditions. 
The alternate host range of N. vasinfecta var. africana was evaluated in Chapter 7. Crop species 
regularly grown in rotation with peanut and other susceptible hosts were inoculated and the impact 
of N. vasinfecta as a saprophyte, endophyte or pathogen was assessed. This work was continued in 
Chapter 8, which examined the survival of N. vasinfecta var. africana on crop stubble as a mechanism 
for overwintering. Chapter 8 also explored the climatic conditions during outbreaks of 
Neocosmospora root rot to identify conditions that may increase the risk of disease epidemics. A 
general discussion and overall conclusions from this body of work are given in Chapter 9. 
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2. CHAPTER 2 
Literature review 
2.1 Peanut Overview 
2.1.1 Botany  
The peanut or groundnut (Arachis hypogea) is an important annual summer legume and oilseed crop 
that is thought to originate from South America and is cultivated in tropical and subtropical areas 
around the world as a cash and rotational crop (Stalker 1997) .  Despite the common misconception 
that peanuts ‘grow on trees’ in a similar fashion to other nuts such as walnuts or macadamia nuts,  
peanuts are distinguished by their ability to produce aerial flowers while fruit production occurs 
below the soil surface.  This occurs via the carpophore or peg which carries the self-fertilised ovules 
at its tip underground approximately 5cm where it develops into a pod. The pod can contain up to 
five seeds, however in most domesticated peanut varieties today, only two seeds per pod are 
produced.  The seeds are commonly referred to as ‘kernels’ and are comprised of two cotyledons and 
an embryo.   
 
The peanut has an indeterminate growth habit, growing to approximately 50cm tall and 100cm wide 
and flowering approximately 28-40 days after emergence, however this can vary depending on the 
botanical type and cultivar of peanut.  There are considered to be four botanical groups of peanuts: 
Spanish, Virginia bunch, Virginia runner and Valencia types. The cultivars of these four botanical 
groups are usually classified according to their branching pattern, flowering and fruiting habit 
(Rachaputi & Wright 2016).  The Virginia type plants mature within 120-170 days after planting and 
produce flowers on alternate lateral branches and generally have an erect to prostrate growth habit 
with a large seed size that can display some dormancy.  The Spanish and Valencia types typically 
have an erect growth habit with flowers appearing sequentially on both the central and lateral 
branches rather than on alternate lateral branches like the Virginia type.  The Spanish and Valencia 
plants can be earlier maturing with harvest maturity reached 100-150 days after planting and 
characteristically have a smaller seed size than the Virginia type (Crosthwaite 1994).  
2.1.2 Agronomy 
The peanut, being a tropical legume, requires warm conditions for seed emergence and plant growth.  
Minimum soil temperature requirements for successful germination are 18°C at 9.00am for three 
consecutive days. Optimum germination temperatures are between 20-35°C which minimise the risk 
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of seedling diseases such as damping off as a result of prolonged exposure to soil borne fungi (Frank 
1997; Shakil et al. 2012).  Seedling emergence from the soil usually occurs within 6-14 days after 
planting if adequate temperatures and soil moisture are available, and after 5-10 days following 
emergence the seedling generally has a well-developed root system that is supplying nutrients from 
the soil to the seedling (Crosthwaite 1994).  Optimum temperatures for plant growth are generally 
around 30°C with cooler temperatures and low night time temperatures resulting in reduced plant 
growth and dry matter production. While peanuts are not photoperiod sensitive in terms of days to 
first flower, longer day lengths in combination with high night temperatures has been shown to 
influence assimilate partitioning to reproductive structures (Bell et al. 1994). Peanuts are similar to 
other legumes with the arrangement of their foliage, with four leaflets per leaf, the peanut has an 
indeterminate growth habit meaning vegetative and reproductive growth occur simultaneously, and 
therefore compete with each other for nutrients (Stalker 1997).  Flowering occurs within 20-40 days 
after emergence and continues for approximately 30 days with the production of pegs occurring 
around one week after self-pollination.  Conditions such as drought, low humidity and high 
temperatures can also impact on the success and viability of pollen and influence the percentage of 
flowers able to successfully produce pegs (Crosthwaite 1994).  Flowering is followed by pod 
development and pod filling for the remainder of the crop development period with all of these growth 
phases outlined in Table 2.1as an approximate guide to the growth stages of a typical peanut crop. 
Peanuts are an important rotational crop around the world due to their beneficial nitrogen fixing 
capabilities for the following crop. Irrigated sub-tropical Australian farming systems use peanut crops 
in rotation with sugar cane for this purpose, and to reduce soil disease and maintain soil structure and 
organic matter.  Acidic soils can be used for peanut production, as peanuts can tolerate a relatively 
wide range of soil acidity levels, however the optimum pH is ideally between 5.5 and 7.0 before 
nodulation and nitrogen fixation are affected and nutrient imbalances occur.  Peanut plants are also 
unique with their requirement and use of other nutrients such as calcium and boron which are 
absorbed by the pods directly from the soil rather than via the root system.  Peanuts also rely on  
arbuscular mycorrhizae (AM) for effective utilisation of residual phosphorus in the soil (Crosthwaite 
1994) and several studies have shown that AM can assist with plant growth vigour, disease escape or 
higher disease tolerance to soil borne pathogens (Carling et al. 1995; Ahmed et al. 2013).  
 
 
7 
 
Table 2.1 Growth stages of peanuts in South Qld and North Qld (Crosthwaite 1994). 
 Days after planting 
Growth stage South Qld North Qld 
Planting to emergence 6 – 14 6 – 12 
Emergence to first flower 20 – 40 28 – 38 
Flowering 35 – 65 28 – 65 
Pegging 45 – 75 36 – 75 
Pod Filling 60 – 130 55 – 130 
Harvest Maturity 140 - 150 125 – 150 
 
2.1.3 Australian Production 
The Australian peanut industry comprises only 0.1% of worldwide production, and may be considered 
to be relatively minor in comparison with major peanut producing countries such as China, India and 
the United States of America (Department of Agriculture 2012).  Peanuts have been traditionally 
produced in Queensland in the Burnett region of south east Queensland centred around the township 
of Kingaroy and on the Atherton Tablelands in far north Queensland (Crosthwaite 1994).  The 
expansion of the industry has seen the production of peanuts increase in coastal areas such as 
Bundaberg and also in Emerald, Central Queensland to form an important part of crop rotations with 
sugar cane and other farming systems where rainfall and irrigation is more reliable (Department of 
Agriculture 2012). Research has indicated the benefits of peanut crops as a rotation with sugar cane 
monoculture systems include soil fertility, increased yield of following cane crops and reduced 
chemical applications due to the interruption of certain disease cycles (Bell et al. 2007).  Up to 95% 
of Australian peanuts are produced in Queensland because of the warm climate and ideal soil types 
with the remainder of peanuts produced in northern New South Wales.   
Over the last decade, the volume of total peanut yields in Australia has declined significantly due to 
unreliable rainfall and other adverse environmental conditions; this decline can be seen in Figure 2.1.  
Based on the data provided by the Food and Agriculture Organisation of the United Nations (2014), 
the decline in total yields is also reflected in the total number of hectares harvested with an average 
production of 28,000t from 11,500 hectares in the past decade which is approximately 10,000t less 
than total production from the period between 1970 and 2000 (Figure 2.1).  The average total area 
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harvested between 1970 and 2000 was 35,000 hectares and based on this data, it would appear that 
while the total area harvested and total production is less, the total yields per hectare have improved. 
An average production of 2.4t/ha has been reported from the last decade which is significantly higher 
than 1.3t/ha from 1970 to 2000.  This may be a result of the introduction of improved peanut cultivars 
by the Australian Peanut Genetic Improvement Program (APGIP).  This breeding program aims to 
improve pod and peanut kernel characteristics such as high and stable pod yield, early and full season 
maturity cultivars, improved foliar and soil borne disease resistance and other traits to improve the 
marketability of peanuts within Australia.  This peanut breeding program incorporates both locally 
bred cultivars and introduced cultivars from the peanut breeding program in the USA. Another 
contributing factor to the increase in total production per hectare may be the adoption of sustainable 
farming practices in modern agricultural operations which has led to better management of cropping 
soils in addition to the expansion of the crop into irrigated areas therefore crop production per hectare 
has been improved. 
 
Figure 2.1 Australian peanut production and area harvested 1961 – 2016 (FAOSTAT 
2016).Worldwide Production 
China, India and the USA are the leading producers of peanuts worldwide and produced 17, 6 and 3 
million tonnes, respectively, from a total area of 10 million hectares in the year 2012 which is 
significantly larger than the total production for all other peanut growing countries (FAOSTAT 2016).  
In 2012, the total world production of peanuts was 43million tonnes from 24 million hectares, hence 
peanuts are considered the third major oilseed crop worldwide after cotton and soybean, and 
approximately 95% of the peanuts produced are consumed in the country where the crop is grown for 
food and oil (Stalker 1997).  In addition to the Australian program, there are numerous peanut 
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breeding programs in progress in several areas worldwide to achieve uniform pod and kernel 
characteristics as well as tolerance and resistance to foliar and soil borne diseases to cater for the 
various uses of the peanut in many different countries.   
2.2 Soil Borne Diseases of Peanuts in Australia 
Peanut production in Australia comprises a very small part of the worldwide market and as the 
economic importance of the peanut has increased in world agriculture, production has shifted from 
primarily dryland cropping systems to high input, irrigated systems to improve yield and quality 
(Department of Agriculture and Fisheries 2013).  This shift has seen an increase in both old and new 
pathogens of peanuts and while pesticides, cultural practices and resistant cultivars have been 
developed to combat these problems, disease is still one of the main factors affecting peanut 
production in many parts of the world (Stalker 1997). Peanut plants are susceptible to both soil borne 
root pathogens and foliar diseases which can cause major constraints to high yields (Department of 
Agriculture 2012) and have the potential to cause severe and widespread destruction of total crops 
with limited control options.  This highlights the importance of incorporating tolerant or resistant 
traits in plant breeding programs and investigating methods for the control of these diseases (Mishra 
et al. 2015), which is evidenced by the relatively inconclusive research conducted on some of the 
economically important soil borne and foliar diseases of peanuts.  There have been significantly more 
investigations conducted into the cause and effect of foliar diseases such as late leaf spot 
(Cercosporidium personatum) and rust (Puccinia arachidis) than the epidemiology of root diseases, 
which may be due to the difficulties experienced in understanding the behaviour of soil pathogens as 
part of complex interactions between the host, pathogen and normal soil microbial activity.  Breeding 
for tolerance to both foliar and soil borne diseases is challenging due to the wide host range of most 
of these pathogens, and variation in environmental conditions among the peanut growing areas of the 
world (Acquaah 2012). 
2.2.1 Soil Borne Disease Complex 
The soil borne disease complex includes phytopathogens that survive in field soils for unknown time 
periods and act together rather than as a single unit to produce root rots, seedling damping-off and 
vascular wilts, often resulting in significant yield declines.  Fungi and nematodes are considered the 
two major pathogen groups, along with a select few groups of spore-forming bacteria, due to their 
ability to produce survival structures such as chlamydospores, sclerotia, conidia or hyphae 
(University of Sydney 2003).  The production of these survival structures allow the pathogen to 
remain dormant in the soil or overwinter until contact with a suitable host is made.  Most pathogenic 
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fungi are poor competitors with other soil microbes, therefore abiotic factors such as high or low 
temperature or soil moisture play a major role in disease epidemics and even minor outbreaks of soil 
borne diseases (Katan 2000).  There are many diseases of peanuts in Australia that form part of a 
complex group of soil borne diseases. To date there is little information regarding the prevalence of 
these diseases and the influential factors that provide ideal conditions for infection. Often the most 
obvious pathogen is noted as the cause of disease, and further investigation into other pathogens that 
may be present is uncommon.  The following sections will outline soil borne pathogens of peanuts in 
both Australia and worldwide and provide information on the incidence of these diseases overseas 
and will highlight the importance of common and emerging diseases, and the implications these 
diseases have for the peanut industry worldwide.   
2.2.2 Soil Borne Diseases of Peanuts 
Soil borne diseases are considered a major problem in Australia as most pathogens are likely to be 
common in cropping soils. When the optimal environmental conditions are provided, these soil borne 
pathogens proliferate and cause significant damage to peanut crops, sometimes decimating entire 
crops due to limited control methods or lack of disease tolerant cultivars.  The most prevalent soil 
borne diseases of peanuts include Cylindrocladium black rot, caused by Cylindrocladium 
parasiticum, white mould or Sclerotium base rot caused by Sclerotium rolfsii and Sclerotinia blight 
caused by Sclerotinia sclerotiorum and Sclerotinia minor (Rachaputi & Wright 2016). In recent years, 
reports of Fusarium root rot caused by Fusarium spp. and Neocosmospora root rot caused by 
Fusarium neocosmosporiellum have increased (Fuhlbohm et al. 2007; Queensland Department of 
Agriculture and Fisheries 2012).   
2.2.2.1 Cylindrocladium Black Rot 
Cylindrocladium black rot (CBR) is a root and crown rot disease of peanuts that was first identified 
in Georgia, USA in 1965 closely followed by reports in other peanut-producing countries worldwide 
(Phipps 1997) with the disease reaching epidemic levels in 1975 (Branch & Brenneman 2003).  CBR 
has been reported to cause up to 50% losses in individual infested fields in the USA and other 
countries and in peanut growing areas of Virginia and North Carolina, USA, 5% losses of total 
production yields are reported annually (Hollowell et al. 2008) with similar losses reported 
unofficially worldwide. CBR produces aboveground symptoms of chlorosis and wilting of leaves on 
the primary branch of the plant followed by rapid plant death, particularly during periods of moisture 
stress, and is usually the first indication of infection by the disease (Phipps 1997).  Below ground 
symptoms include blackened and necrotic areas on the hypocotyls, primary and secondary roots and 
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pods.  The taproot is often decayed when aboveground symptoms are observed (Phipps 1997; Wright 
et al. 2010) with red fruiting bodies observed on infected plant parts, which can be seen in Figure. 
 
Figure 2.2. CBR infected peanut plant (NC State University 2008).CBR is caused by the haploid 
fungus Cylindrocladium parasiticum (teleomorph Calonectria ilicicola) (Crous et al. 1993; Branch 
& Brenneman 2003) which survives in the soil as microsclerotia and are easily dispersed on plant 
debris by tillage activities or wind, therefore the disease is able to survive and spread easily into 
previously unaffected soils.  CBR can also be seed borne, and is easily identified by a speckled 
appearance of the seed (Figure 2.3); and consequently peanut seed can act as a vector for the spread 
of CBR as well as augmenting soil inoculum levels in previously infested soils (Glenn et al. 2003).   
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Figure 2.3. Peanut seed infested with CBR (Department of Agriculture 2012). 
Common control methods in the USA include soil fumigation with Metham Sodium which has been 
used since the 1980’s in many peanut growing areas with 45% of peanut soils fumigated at a cost of 
$75/ha in North Carolina in 2004 (Hollowell et al. 2008).  Soil fumigation is used in conjunction with 
crop rotation and other cultural control methods to provide partial control of the disease (Phipps 1990) 
along with the adoption of tolerant and resistant varieties in heavily infested areas. Breeding for 
resistance or tolerance to CBR and other soil borne diseases was not a high priority until the late 
1970’s (Wynne et al. 1991). This was due to the ready availability of chemicals and relatively low 
input cropping systems (Stalker 1997), however since the adoption of high input systems, rising cost 
of chemical control methods and a market demand for organically produced peanuts, the need for 
disease resistant varieties increased (Branch & Culbreath 2013). Numerous germplasm accessions 
among cultivated peanuts have since been identified (Branch & Brenneman 2003; Holbrook & Dong 
2005) and included in many peanut breeding programs worldwide. 
2.2.2.2 Sclerotinia Blight 
Sclerotinia blight is one of the most prevalent soilborne peanut diseases in all temperate peanut 
growing regions worldwide.  Caused by Sclerotinia minor and S. sclerotiorum, the disease can cause 
up to 10% loss of total yield production and in heavily infested areas, 50% pod losses are common 
due to shedding of pods from pegs (Porter 1997).  Symptoms of sclerotinia blight include rapid wilting 
of infected branches (Figure 2.4), the appearance of light green water-soaked lesions on stems close 
to the soil line and the development of thick, white, fluffy mycelium on diseased tissue close to the 
soil line which can be seen in Figure 2.5. Infected branches and pegs are commonly shed from the 
rest of the plant (Smith et al. 2008).    
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Figure 2.4. Field symptoms of sclerotinia blight (Faske 2014). 
 
 
Figure 2.5. White, fluffy mycelium found on diseased branches of a peanut plant 
(Department of Agriculture 2012). 
 
Cool, wet weather with high relative humidity provide ideal conditions for disease outbreaks, 
particularly after the crop has developed a dense canopy and row closure is complete or close to 
complete which increases humidity levels beneath the plant and provides an ideal microclimate for 
rapid infection (Maas et al. 2006).  S. minor produces apothecia that are pale orange to white with 
concave, flat tops and are produced by sclerotia, the main survival structures of the fungus within the 
soil in the absence of a suitable host.  The sclerotia have a black outer rind and a white inner cortex 
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and are generally irregularly shaped and quite small in size at 0.5-3mm (Porter 1997) and are often 
dispersed through peanut soils via mechanical disturbance. Where the disease is present, one sclerotia 
per 100g of soil is sufficient to cause severe disease (Partridge et al. 2006) highlighting the need for 
adequate control methods to decrease the severity of the disease.  Seed treatment is also recommended 
to prevent the transmission of S. minor via seed in conjunction with other fungicides and a reduction 
in excessive irrigation to avoid providing ideal conditions for disease outbreak.  Similarly to CBR, 
there have been recent advances in peanut breeding for resistance and tolerance of commercial 
cultivars to sclerotinia blight, with several cultivars identified as tolerant or having partial resistance, 
particularly cultivars that have a typically erect growth habit therefore avoiding prolonged humidity 
beneath the canopy while maintaining high yield potential (Damicone et al. 2010).   
2.2.2.3 White Mould 
White mould, otherwise known as stem rot, southern blight, southern stem rot or sclerotium rot is 
caused by Sclerotium rolfsii and is possibly the most prevalent soilborne disease of peanuts and is 
found in all peanut-growing areas of the world. White mould produces similar aboveground 
symptoms to CBR and sclerotinia blight with the first obvious symptoms also being chlorosis, as seen 
in Figure 2.7, and wilting of the lateral branch, main stem or the entire plant at any growth stage of 
the plant (Adhilakshmi et al. 2014).  White mould is easily identified by the thick sheaths of mycelium 
that can be seen on or near the soil level around infected plant parts (Figure 2.8) and the ideal 
conditions for infection are moist and humid conditions created by a dense upper canopy providing 
the ideal microclimate for fungal growth.  Lesions are produced on the basal areas of branches and 
on the pegs, and it is uncommon to find them more than 2-4cm above the soil line.  Infected pods are 
commonly rotted and have a wet, spongy texture and may be aborted by the pegs prior to harvest 
maturity.   
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Figure 2.6. Typical wilting and chlorosis 
symptoms of white mould in the field 
(Department of Agriculture 2012). 
 
 
Figure 2.7. White mycelium of S. rolfsii at the 
base of a peanut plant (Department of 
Agriculture 2012). 
 
S. rolfsii has a broad host range of more than 200 genera of plants and has the ability to colonise either 
living host plants or plant debris in the field (Farr et al. 1989; John et al. 2015).  Although yield losses 
caused by the disease can be greater than 80%, in general losses do not exceed 25% and the incidence 
of disease varies from year to year, which is thought to be due to diverse environmental conditions 
that impact on the activation of sclerotia in the soil.  From 2012 to 2013 white mould was responsible 
for a 5.5% total yield reduction with an economic value of $54 million in Georgia, USA which 
accounted for 25% of the total yield reductions caused by disease (Kemerait 2013). Generally high 
levels of sclerotia in the soil are required to produce severe infection of peanut crops and these 
sclerotia have a high demand for oxygen for activation (Backman 1997), therefore white mould can 
be perceived as more ubiquitous in some soil types in comparison with others.  Control methods for 
white mould are mostly centred around crop rotations with non-host species of the fungus and the use 
of systemic fungicides such as prothioconazole, tebuconazole, azoxystrobin or flutolanil (Augusto & 
Brenneman 2012). Cultural control methods such as conventional tillage operations to incorporate 
crop debris can increase suppression of the fungus through increased soil microbial and faunal activity 
and limiting oxygen availability (Leoni et al. 2014).  Weed control is also an important consideration 
due to potential infection of weed hosts resulting in infection of peanut crops, but if inter-row 
cultivation for weed control is employed, it is important to avoid movement of soil onto the plant 
crown or lateral branches, which increases the risk of white mould infection.  Velazco (2013) 
concluded that crop rotation with grasses such as Sudan grass, millet, oats and wheat reduced the 
population of sclerotia in the soil whereas incorporation of legumes in rotation systems allowed for 
multiplication of sclerotia in the soil therefore allowing a build-up of the inoculum level in the soil.  
In early breeding programs there was little focus on plant breeding for tolerance, however increased 
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disease pressure and the development of genotypes through peanut breeding programs worldwide 
with an erect growth habit appear to incorporate tolerance to the disease, a similar trait to plants 
displaying tolerance or resistance to sclerotinia blight.  The aim of this is to reduce the overall inputs 
required to control this soil borne pathogen as well as other important peanut foliar and root diseases 
(Branch & Culbreath 2013).   
2.2.2.4 Fusarium Root and Pod Rot 
Disease of peanuts caused by Fusarium spp. commonly manifests in seedlings as pre-emergence 
damping off and as root and pod rot of adult plants, however rarely in levels that cause significant 
crop damage, and most pathogenicity tests are considered inconclusive (Joffe 1973).  Fusarium spp. 
are found in all soil types and make up large portions of the soil mycoflora (Joffe 1973) and are 
commonly isolated from peanut roots, however not necessarily as a pathogen or saprophyte.  F. 
oxysporum and F. solani are the two main species that are known to affect seedlings, particularly 
when soil temperatures are lower than 18°C and seed is slow to germinate.  Other conditions 
conducive to seedling infection include seed injury and slow germination due to moisture stress.  
Ahmed et al. (2013) found F. oxysporum, F. solani, and F. moniliforme were responsible for causing 
the highest incidence of root rot disease in peanuts particularly when root injury occurs through 
mechanical damage or high incidence of soil nematodes which increases the risk of infection in adult 
plants along with moisture stress. Most Fusarium species found to be pathogenic to peanuts are 
facultative xerophytes, excessively moist conditions also favour infection of roots and pods by the 
disease (Frank 1997).  Fusarium root and pod rot produces similar symptoms in adult plants as most 
soil borne diseases, with wilting and chlorosis being the first indicator of disease.  Slightly sunken 
lesions can be found on the taproot near the crown and also on the pegs when soil temperatures are 
high at the soil line and the epidermal cells are injured increasing the susceptibility of the plant to soil 
inhabiting fungi (Frank 1997).  To date there are no known control measures for Fusarium disease 
and the disease mostly occurs sporadically in peanut crops and while possible, the literature suggests 
it is uncommon for the disease to decimate entire crops and is more likely to be concentrated in 
isolated patches.  There have been few studies conducted into the behaviour of Fusarium spp. in 
peanut soils and as a pathogen of peanut plants, therefore there is limited literature available on 
potential control methods, however Ahmed et al. (2013) found that arbuscular mycorrhizae (AM) 
significantly reduced disease severity whilst simultaneously assisting plant growth in comparison 
with Fusarium infested soil untreated with AM. 
2.2.3 Neocosmospora Root Rot – a new soil borne pathogen 
Neocosmospora root rot, a disease of peanut, is the primary focus of this thesis. Neocosmospora root 
rot of peanuts is considered to be an emerging soil borne disease caused by Neocosmospora vasinfecta 
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var. africana, a pathogen that has been reported sporadically in peanut crops in Australia (Fuhlbohm 
et al. 2007), China (Pan et al. 2010; Gai et al. 2011a; Sun et al. 2011a), South Africa (Baard & van 
Wyk 1985), India (Sakhuja & Sethi 1985), Taiwan (Huang et al. 1992) and Vietnam (Dau et al. 2010). 
Most of these reports suggest that the incidence of root and pod rot caused by this pathogen has 
increased over the last decade however none of these papers provide quantitative data on increased 
crop damage or more widespread reports.   
2.2.3.1 Symptoms of Neocosmospora Root Rot 
Typical symptoms of root infection by N. Vasinfecta var. africana are shown in Figures 2.8 and 2.9.  
These symptoms manifest as a blackened, rotted taproot and lateral root system with small pale 
reddish-orange perithecia present on the upper 5-6cm of the infected taproot (Fuhlbohm et al. 2007).  
Aboveground, the symptoms of Neocosmospora root rot present very similar to those exhibited by 
CBR, sclerotinia blight, white mould and Fusarium root and pod rot infection, with yellowing of the 
whole plant followed by severe wilting of the lateral branches and the main stem and rapid plant death 
(Figure 2.8).  Diagnosis of the causal agent of wilted and chlorotic plants is difficult based on the 
aboveground symptoms alone.  Many of the reports of root rot in peanuts caused by N. vasinfecta are 
first reports, or initial pathogenicity testing and description of symptoms observed in the field rather 
than complete research into the biology or ecology of the organism or any potential methods for 
control.  Thus, due to the sporadic nature and limited history of the disease, it has not previously been 
considered a major soil borne diseases of peanuts therefore, emphasis has not been placed on its 
importance to the peanut industry.   
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Figure 2.8. Peanut plants affected by Neocosmospora Root Rot. 
 
 
Figure 2.9. Field symptoms of peanuts affected by Neocosmospora Root Rot 
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2.2.4 Neocosmospora Root Rot in Australia  
To date there has only been one published report on Neocosmospora root rot of peanuts in Australia.  
Fuhlbohm et al. (2007) first reported N. vasinfecta var. africana as the causal organism of a severe 
root rot of an irrigated peanut crop located near Ban Ban Springs (25°40’54”S, 151°48’52”E) in the 
Burnett region of southern Queensland in 2005 with 40% of the crop displaying symptoms of the 
disease.  According to the Australian Plant Pest Database  (Plant Health Australia 2001) there have 
been twenty reports of the disease occurring within Australia in both plant hosts, soil and in one case 
as a human pathogen in an immune-compromised individual.  Figure 2.10shows the wide distribution 
of these reports around Australia.  According to this information, Neocosmospora vasinfecta has been 
reported in soybeans, chickpeas, lucerne and peanut crops, South Australian soil and has also been 
isolated from weeds.  There is no information available regarding the fulfilment of Koch’s postulates 
for these reports and isolations therefore it is unknown if any pathogenicity testing was conducted for 
crops other than peanuts.  The distribution of Neocosmospora vasinfecta indicates the fungus is likely 
to be present in most Australian agricultural and non-cropping, soils and has the potential to be spread 
and hosted by various plant species. This may contribute to the build-up of inoculum in the soil 
leading to disease outbreak under favourable conditions with susceptible hosts.  The following 
sections will provide detailed information on the current taxonomy, morphology and host range of 
Neocosmospora vasinfecta.    
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Figure 2.10 Map of the distribution of Neocosmospora vasinfecta in Australia (Image source: 
Google Maps). 
2.2.5 Neocosmospora root rot in other field crops 
 In addition to peanut, N. vasinfecta has been reported as the causal pathogen of stem and root rots to 
other field crops, particularly those of the Leguminosae family, including soybean (Glycine max), 
chickpea (Cicer arietinum) and lucerne (Medicago sativa) in Australia.   Any research conducted on 
the incidence of root and stem rot caused by N. vasinfecta in other crops has been rudimentary and 
mainly limited to first reports with no detail provided on the extent of any outbreaks, the 
environmental conditions at the time of infection or the impact of the disease on crop yields. The 
incidences of the disease appear to be relatively infrequent based on the number of published reports 
and the lack of research conducted on the N. vasinfecta as a pathogen of legume and oilseed crops.  
Root and stem rot of soybean plants caused by N. vasinfecta was first reported in Japan in 1960 (Gray 
et al. 1980) followed by reports of Neocosmospora stem rot in Alabama, United States of America in 
1972 (Phillips 1972) and in Georgia in 1978 (Gray et al. 1980).  There appears to be no further reports 
or only very sporadic and not well documented information of the disease worldwide following these 
initial discoveries until Neocosmospora stem rot was reported for the first time in China in 2009 by 
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Gai et al (2011). The severity and estimated losses caused by the disease for all recorded incidences 
were not reported.  Neocosmospora vasinfecta primarily produces root and basal stem rot in soybeans 
as reported by Phillips (1972) who observed brown to black discolouration of the vascular and pith 
tissue of plants in the field which was reproduced in plants inoculated in the glasshouse.  Stem lesions 
were also observed that extended 20-25cm upward from the soil surface, primarily only affecting one 
side of the plant with chlorosis of the top leaves.  This was followed by premature senescence and 
defoliation of the plant and orange perithecia observed on the lower stems of dead plants and scattered 
or congregated on the stem lesions (Phillips 1972; Cheng & Schenck 1978b; Gai et al. 2011b). 
The incidence of N. vasinfecta as a pathogen of chickpea crops is also sporadically reported with no 
formal publications other than first reports of the pathogen and the fulfilment of Koch’s postulates to 
confirm pathogenicity. The pathogen was first reported in Pakistan in 2011 with wilt-like symptoms 
with yellowing of the leaves and rotted root tips with orange colouration observed (Ali et al. 2011).  
Neocosmospora vasinfecta was also isolated from the root system of a chickpea crop in the Northern 
Territory, Australia in 1988 (APPD).  Very little information is available regarding the full extent of 
symptoms exhibited by infected plants, the distribution of the disease, or the severity and rate of 
spread of the disease through the crop.  Similarly lucerne is not widely studied in literature, with most 
references to the disease primarily confirming pathogenicity to plant without mention of the 
symptoms or the severity of the disease in the particular crop. It is therefore difficult to accurately 
gauge the importance and severity and the implications of this disease as a soil borne pathogen.  
2.2.6 Epidemiology of Neocosmospora root rot 
Unlike other soilborne pathogens such as Fusarium spp. or Macrophomina phaseolina, the 
epidemiology of N. vasinfecta var. africana is not well understood. As mentioned in previous 
sections, the reports of N. vasinfecta var. africana as a crop pathogen are sporadic and primarily 
limited to first reports with little epidemiological information. The publications from overseas and 
Australia have demonstrated its pathogenicity on peanut, soybean and chickpea and described the 
morphological characteristics of the causal pathogen in detail however only Gai et al. (2011a) and 
Fuhlbohm et al. (2007) assessed disease severity to be 30-100% of total commercial peanut crops or 
trial plots.  
While these outbreaks or reports of the disease appear to be relatively severe, there is no further 
evidence in reports that points to Neocosmospora root rot as increasing in significance or severity for 
peanut and other legume production (Ali et al. 2015; Greer et al. 2015).  For that reason, this soil 
borne disease should be considered an important component of the soil borne disease complex of 
peanuts and potentially other legumes as suggested by Fuhlbohm et al. (2007) and Dau et al. (2010).  
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With potential yield losses as high as these figures indicate, the impact this pathogen could have on 
the economic value of peanut crops is likely to be devastating. This also highlights the need for 
research to determine the cause and effect of the disease on commercial cultivars and the implications 
this disease could have for the peanut industry in those where it has not.  Emphasis should also be 
placed on investigating cultural, chemical and varietal methods for control. Due to the relatively 
recent emergence of the disease, the extent of genotypic variation for tolerance and potential for 
phenotypic screening has not been conducted. Therefore it is unknown whether any of the existing or 
developing commercial varieties or breeding lines within worldwide peanut breeding programs will 
have tolerance or resistance to this disorder. 
2.3 Taxonomic Summary of Neocosmospora vasinfecta  
2.3.1 Taxonomy 
Neocosmospora vasinfecta varieties vasinfecta and africana, belong to the division Ascomycota, 
order Hypocreales. There has been much debate over the classification of Neocosmospora since the 
establishment of the genus by E.F Smith in 1899. Smith first identified the type species of N. 
vasinfecta  as a wilt pathogen of cotton (Gossypium sp.), cowpea (Vigna unguiculata) and watermelon 
(Citrullus lanatus), however the causal pathogen was later found to be Fusarium vasinfectum, a taxon 
Smith incorrectly identified as the anamorph of N. vasinfecta.  (Cannon & Hawksworth 1984) Many 
of these early reports of the pathogenicity of N. vasinfecta in various crops have since been discredited 
due to Smith incorrectly classifying Fusarium vasinfectum as the asexual state of N. vasinfecta 
(Cannon & Hawksworth 1984) which is widely recognised as an Acremonium spp. shared across four 
taxa.  The review conducted by Cannon and Hawksworth (1984) also highlighted the incorrect use of 
N. vasinfecta and N. africana as designated species based on the first description by Von Arx (1955) 
who was first to describe a new taxon, N. africana, distinguishable from N. vasinfecta by the smooth 
rather than rugose ascospores. This was further continued in the work by Doguet (1956) who 
identified the paraphysis-like structures found beneath the asci as pseudo-paraphysis however 
Cannon and Hawksworth (1984) dismiss this as being of “little taxonomic value” as they are common 
in several genera of the Hypocreales. van Warmelo (1976) found during a study of a South African 
isolate of a Neocosmospora and concluded that there were no differences between ascospores 
therefore recommended N. africana be synonomous with N. vasinfecta however Cannon and 
Hawksworth (1984) found the isolate of N. vasinfecta used by van Warmelo to have been 
misidentified and was actually belonging to N. africana. Further to this,  investigated all available 
isolates from previous studies and while there were apparent differences between the two taxa in 
terms of ascospore ornamentation, there was in fact similarities between the ascospore ornamentation 
and of course, size. Identification between the two taxa based on ornamentation can be difficult and 
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readily influenced by factors such as isolate age, maturity or degradation however Cannon and 
Hawksworth (1984) found that it was more appropriate to identify the two taxa as two varieties of the 
same species rather than as separate species. It is perhaps this minor difference that influences the 
pathogenicity of N. vasinfecta var. vasinfecta and africana. Since the establishment of the genus 
Neocosmospora, twenty species and five varieties have been included, with Table 2.2 outlining the 
species identified and their anamorphic state.  These species were originally identified and classified 
within the Neocosmospora genus based on their ascospore ornamentation which is noted as varied 
and easily distinguishable between the species and varieties (Cannon & Hawksworth 1984).    
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Table 2.2 A list of species from the Neocosmospora genus and their anamorphic state (Index 
Fungorum 2016). 
Current Species Name  
Neocosmospora africana Arx 1955 
Neocosmospora ornamentata 
Neocosmospora f. conidiifera 
Neocosmospora f. vasinfecta 
Neocosmospora vasinfecta var. africana 
Neocosmospora vasinfecta var. major 
Neocosmospora vasinfecta var. pisi 
Neocosmospora vasinfecta var. tracheiphila 
Neocosmospora vasinfecta var. vasinfecta 
Acremonium spp. 
Acremonium spp. 
Acremonium spp. 
Acremonium spp. 
Acremonium spp. 
Acremonium spp. 
Acremonium spp. 
Acremonium spp. 
Acremonium spp. 
Neocosmospora ambrosia Nectriaceae 
Neocosmospora arxii Nectriaceae 
Neocosmospora boninensis Nectriaceae 
Penicillifer diparietisporus Anamorphic viridispora 
Neocosmospora endophytica Nectriaceae 
Neocosmospora falciformis Nectriaceae 
Neocosmospora guarapiensis Nectriaceae 
Neocosmospora haematococca Nectriaceae 
Neocosmospora illudens Nectriaceae 
Neocosmospora indica Nectriaceae 
Neocosmospora ipomoeae Nectriaceae 
Neocosmospora keleraja Nectriaceae 
Neocosmospora kurunegalensis Nectriaceae 
Neocosmospora mahasenii Nectriaceae 
Neocosmospora monilifera Nectriaceae 
Neocosmospora parva Nectriaceae 
Neocosmospora phaseoli Nectriaceae 
Neocosmospora plagianthi Nectriaceae 
Neocosmospora pseudensiformis Nectriaceae 
Neocosmospora ramosa Nectriaceae 
Neocosmospora rectiphora Nectriaceae 
Neocosmospora rehmiana Nectriaceae 
Neocosmospora rubicola Nectriaceae 
Neocosmospora spinulosa Nectriaceae 
Neocosmospora striata Nectriaceae 
Neocosmospora tenuicristata Nectriaceae 
Neocosmospora termitum Nectriaceae 
Neocosmospora tucumaniae Nectriaceae 
Neocosmospora virguliforme Nectriaceae 
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2.3.2 Morphology 
The morphology of N. vasinfecta is similarly described in most published literature with little 
variation between observations made by all authors both in vitro and in situ.  Cannon and Hawksworth 
(1984), Dau et al (2010), Fulbohm et al (2006) and Pan et al (2010) all described Neocosmospora 
vasinfecta in vitro as having white and floccose mycelia with hyphae that are 1-5µm diameter, septate 
with a tendency to aggregate in strands with some anastomosis reportedly observed by Cannon and 
Hawksworth (1984).  The pale orange-red ascomata or perithecia are also commonly observed as 
200-500µm high, 170-480µm wide with a 100µm long neck ending in an ostiole.  The ascomatal wall 
is multi-layered and glabrous with the exception of a number of rhizoidal hyphae and periphysis 
observed on the surface.  The thin-walled asci are cylindrical to clavate in shape, 100-160µm long 
and 9-15µm wide with a short stalk that is 5-27µm long.  The asci contain eight ascospores and 
display no obvious apical thickening.  The ascospores are uniseriately arranged within the asci and 
are globose to ellipsoidal, nonseptate, thick-walled, and hyaline to pale yellow, 7-17 x 7-12µm with 
cerebriform ornamentation found in var. africana in contrast to the rugulose to strongly rugose, 
sometimes faintly reticulate, ornamentation observed in var. vasinfecta (Cannon & Hawksworth 
1984).  As mentioned in section 2.3.1, the ascospore ornamentation is the primary morphological 
feature that distinguishes between varieties of N. vasinfecta.  In addition to differences in ascospore 
ornamentation, Cannon and Hawksworth (1984) reported that var. vasinfecta had two discernible 
ascospore sizes, 9.5 – 11.5 µm or 12.5 – 15.5µm whereas the ascospores of var. africana were more 
commonly found in the range of 9.5 – 11.5µm, supported by Dau et al. (2010), Fuhlbohm et al. (2007) 
and Pan et al. (2010). While this variation in size is an interesting feature between the two varieties, 
Cannon and Hawksworth (1984) also reported this difference as not statistically significant therefore 
is not relevant for distinguishing between varieties. In both varieties, the ascospore wall is 0.5-2.5µm 
thick without germ pores and the wall of the spore closest to the apex of the ascus has been observed 
to be irregularly thickened. It should also be noted that in the review of the Neocosmospora genus 
conducted by Cannon and Hawksworth (1984), the authors identified several isolates isolates from 
Australia (IMI 54700, 126527), Bangladesh (IMI 128126), India (IMI 101609, 144973, 184001, 
269162), Zimbabwe (IMI 95924, 191524) as intermediate between var. africana and vasinfecta.  
Not all studies on N. vasinfecta var. africana report the observation of the anamorphic phase identified 
as an Acremonium sp.  This identification of the anamorph as an Acremonium sp. is due the conidia 
being morphologically described as one-celled, cylindrical to oblong-ellipsoidal in shape, hyaline, 3-
15 x 1-5µm in size with a tendency to aggregate in a gelatinous mass on the tip of the conidiogenous 
cell arising from the vegetative mycelium (Cannon & Hawksworth 1984; Dau et al. 2010) which is 
consistent with the characteristics of Acremonium sp. The conidia can be seen in Figure 2.11, which 
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shows a colony of N. vasinfecta var. africana in vitro, the asci containing eight ascospores and several 
conidia within the mycelium.  
These morphological characteristics of N. vasinfecta var. africana are consistently seen in vitro on a 
variety of substrates such as shown in Figure 2.11, therefore the fungus is quite easily distinguished 
from other soil borne pathogens including other species of Fusarium.  There has been little molecular 
analysis completed for characterising and identifying N. vasinfecta var. africana due to the relatively 
low frequency of isolations from field crops over recent times.  
  
  
Figure 2.11. A) A colony of Neocosmospora vasinfecta growing on potato dextrose agar. B) 
Perithecia observed on a peanut stem. C) Ascospores arranged uniseriately in asci. D) Conidia of N. 
vasinfecta observed in vitro. 
2.3.3 Classification 
Due to limited historical information on the fungus and the recent assignment of Neocosmospora 
vasinfecta to a terminal Fusarium clade (Grafenhan et al. 2011), subsequently, under the provision of 
One Fungus One Name, the varieties of N. vasinfecta (var. vasinfecta, africana, major, pisi, and 
tracheiphila), N. africana and N. ornamentata were renamed Fusarium neocosmosporiellum. This 
was based on the reassessment of the anamorph generic names that are synonymous with Fusarium 
A B 
C D 
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(Geiser et al. 2013). There is no reference to morphological work to compliment the phylogenetic 
reassessment of the Cosmospora genus into two groups, one basal Fusarium-like clade based on 
Nectriaceae and one terminal clade centered around Gibberella (Grafenhan et al. 2011). The 
anamorph of N. vasinfecta has been historically described as Acremonium sp. rather than Fusarium, 
to reflect the conidial characteristics and lack of macroconidia as seen with Fusarium sp. This has led 
to some confusion over the renaming and reassessment of the taxonomic classification of the fungus, 
and hence whether N. vasinfecta should be considered a Fusarium species. According to the 
International Code of Botanical Nomenclature (McNeill 2012; Geiser et al. 2013), when referring to 
the holomorph, traditionally the teleomorphic name has taken precedence, however with the 
introduction of these updated provisions, all fungal names, whether typified by a teleomorph or an 
anamorph, are to be prioritised equally, therefore Fusarium names are largely conserved. Grafenhan 
et al. (2011) concluded that Neocosmospora is congeneric with Fusarium, and given the association 
of the Neocosmospora genus with Haematonectria, which includes Fusarium-like species, the genus 
was subsequently re-named to Fusarium neocosmosporiellum. O’Donnell (1996) proposed that the 
asexual morph of Neocosmospora are microconidial Fusarium spp. that have lost their ability to 
produce macroconidia and septate spores which has not been disputed in the phylogenetic analysis 
conducted, however Lombard et al. (2015) and Nalim et al. (2011) believe through phylogenetic 
inference, the genus Neocosmospora should remain due to name being older (1899) than that of 
Haematonectria (1999) and that further work is required to identify all of the species belonging to 
this genus. This also reinstates the name Neocosmospora vasinfecta over Fusarium 
neocosmosporiellum.   
2.4 Summary 
While Neocosmospora root rot is considered an emerging soil borne disease of peanuts, it is rapidly 
becoming an important disease as a soil borne disease complex worldwide.  To date there has been 
little research conducted on the biology and ecology of this pathogen in relation to disease incidence, 
and control for both peanuts and other leguminous crops known to be affected by the disease.  Given 
this lack of knowledge, there are no known cultivars for any host crops that display resistance or 
tolerance to the disease, highlighting the need for the development of phenotypic screens, and 
ultimately the current genome sequences for any marker assisted selection.  This poses a major 
problem in peanut growing areas worldwide in terms of potential yield and economic losses due to 
the severity of symptoms and limited measures for control.   
This literature review has identified the current knowledge gaps relating to the biology, ecology and 
aetiology of Neocosmospora root rot as a soilborne disease and pertaining to its taxonomic 
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classification. It is apparent from an extensive literature search that there have only been sporadic 
reports of the disease affecting peanut crops worldwide, and even fewer reports of the fungus as a 
pathogen of soybean and chickpea. Therefore the fungal-plant interaction has not been adequately 
investigated or documented, and the importance of the disease as a threat to agricultural crops is 
unknown. It is likely that the limited research into the characteristics of the fungus as a plant pathogen 
is due to these infrequent reporting and consequently potential management strategies have not been 
explored or prioritised. This review will allow comprehensive exploration of the biology and ecology 
of the pathogen as part of the peanut disease complex and as a potential pathogen of other plant 
species. It also opens up the possibility for the discovery of genotypic variation in tolerance to the 
disease and potential development of phenotypic screens for selection of tolerant types in future plant 
breeding efforts.  This work will be important for the global peanut industry as it will provide a 
platform for the expansion of current knowledge on soil borne diseases, and more specifically 
Neocosmospora root rot, and allow for communication of research findings to the agricultural 
industry.  
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3 CHAPTER 3 
Morphological and phylogenetic evaluation of Neocosmospora vasinfecta in 
Australia and the USA. 
3.1 Introduction 
Neocosmospora vasinfecta has been associated with stem and root disease of legume crop species for 
over a century, and while considered to be a plant pathogen, it is rarely damaging to crops (Cannon 
& Hawksworth 1984). Due to the sporadic nature of disease outbreaks, limited information has been 
available about the morphological and phenotypic characters of N. vasinfecta and how they may 
contribute to the proliferation of the fungus.   
There are 33 species within the genus Neocosmospora and although many have been identified as 
soil-dwelling fungi, few have  been associated with plant diseases (Index Fungorum 2016). The most 
frequently reported species to cause plant disease include N. vasinfecta, N. striata and N. bionensis. 
Within N. vasinfecta, the morphology of the varieties vasinfecta, africana, tracheiphila and major 
have been studied using light microscopy in the review by Cannon and Hawksworth (1984), and by 
scanning electron microscopy (van Warmelo 1976). The genus is identified by the presence of 
perithecial ascomata that are orange to red, globose to pyriform, ostiolate and with periphyses lining 
the short neck.  The asci are cylindrical with a short stalk and no obvious apical structures, and 
typically contain 8 uniseriately arranged ascospores. The ascospores are orange to hyaline, usually 
single celled and globose to ellipsoidal with ornamentation that differs between species and varieties. 
The conidia are often septate, hyaline and variable in shape and considered to be a species of 
Acremonium (Cannon & Hawksworth 1984), however a description of the sexual state is seldom 
included in most reports of the fungus. 
Many reports of N. vasinfecta as a pathogen of peanut, chickpea and soybean only identify the fungus 
to the species level without identifying its varietal status, therefore the potential for all varieties of N. 
vasinfecta to be a pathogen of crop species may not be accurate. Only Fuhlbohm et al. (2007) and 
Gai et al. (2011a) have identified N. vasinfecta var. africana as the causal pathogen of severe root, 
stem and pod rot of peanut crops based on the ceribriform ornamentation of the ascospores, the main 
morphological characteristic of that variety (Cannon & Hawksworth 1984). Other reports of N. 
vasinfecta as a pathogen of peanut, such as those made by Baard and van Wyk (1985), Dau et al. 
(2010), Pan et al. (2010); Sun et al. (2011a), did not identify the causal agent beyond species.  
Similarly, N. vasinfecta has been identified as a pathogen of chickpea in Pakistan (Ali et al. 2011), 
and of soybean in several countries (Phillips 1972; Cheng & Schenck 1978b; Gray et al. 1980). While 
N. vasinfecta is named the causal pathogen of stem rot of soybean, the sub-variety is rarely identified 
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in most studies, hence it is unclear if N. vasinfecta var. africana is the primary pathogen of leguminous 
species. Neocosmospora vasinfecta var. vasinfecta was reported to be the primary pathogen of 
soybean by Gai et al. (2011b) and Greer et al. (2015) who described the ascospores as having a fried-
egg appearance, which may be consistent with the rugose ornamentation of N. vasinfecta var. 
vasinfecta ascospores.  
Along with traditional fungal identification and classification methods, recent advances in genomics 
and molecular technology has improved our ability to identify diversity within fungal species, along 
with variation between pathogenic populations in varied geographical locations and the infection 
potential of a pathogen (Chandra et al. 2011).  The use of molecular data for taxonomic identification 
and classification of fungi has greatly enhanced the traditional forma-taxa approach and can assist 
with identifying variation between subspecies or forma specialis that can appear morphologically 
identical. The use of DNA-based phylogenetic studies has been limited within some genera of the 
family Nectriaceae, including Neocosmospora.  Several recent studies that have included N. 
vasinfecta have produced conflicting results regarding the correct classification of the fungus. Based 
on molecular studies, Grafenhan et al. (2011) and Geiser et al. (2013) reduced N. vasinfecta to the 
newly erected Fusarium neocosmosporiellum along with N. ornamentata and N. africana (Index 
Fungorum 2016), and since 2013, N. vasinfecta has been synonymous with Fusarium 
neocosmosporiellum without provisions for subspecies and varieties. The asexual state of N. 
vasinfecta is considered to be a species of Acremonium (Cannon & Hawksworth 1984) however this 
was not addressed during the reassignment of the fungus. 
Due to the numerous studies indicating that N. vasinfecta is pathogenic to peanut and other legumes 
without identifying N. vasinfecta to the variety level, it is unclear if the pathogenic variety was N. 
vasinfecta var. africana or N. vasinfecta var. vasinfecta, or whether both varieties have the capacity 
to cause disease. The aim of this study was to examine the Australian isolates of Neocosmospora 
vasinfecta to determine the variety of N. vasinfecta responsible for previous outbreaks of 
Neocosmospora root rot of peanut. The study focused on the geographical distribution of the fungus 
in Australia and the USA.  The optimum temperature for mycelial growth and subsequent perithecia 
production in culture and factors that influence the morphological and phylogenetic characteristics of 
each isolate and the subsequent pathogenic or saprophytic lifestyle of the fungus were also studied.   
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3.2 Materials and Methods 
3.2.1 Experiment 1 - Morphology of Neocosmospora vasinfecta 
3.2.1.1 Colony characteristics of N. vasinfecta  
The objectives of the experiments outlined in this chapter was to determine potential variation 
between isolates collected from peanut (Arachis hypogaea) hosts in different geographical locations 
in Australia. Traditionally, identification of N. vasinfecta on host plants in Queensland has been based 
on the presence of the small, orange perithecia of the fungus on the taproot of infected plants in the 
field and later confirmed using light microscopy based on the morphology of the ascospores. 
Experiment 1 (a, b, c and d) were based on these traditional morphological identification techniques 
whereas Experiment 2 (a, and b) investigates the identification of N. vasinfecta at the DNA level.  
A selection of the isolates of N. vasinfecta (Table 3.1) used for analysis for the following experiments 
were obtained from the Queensland Government Biosecurity Plant Pathology Herbarium (BRIP) at 
the Ecosciences Precinct, Holland Park, Brisbane. Table 3.1 outlines the available isolates, the 
location each was collected and the plant host, including cultivar where available. To prepare isolates 
for the following experiments,  a colonised 5mm diameter agar plug was removed from the margin 
of an actively growing colony of each isolate growing on half-strength potato dextrose agar (Sigma®) 
supplemented with 0.01% streptomycin sulphate (½PDAS; see Appendix 1 for composition). Agar 
plugs were placed on the surface of ½PDAS in 9cm-diameter Petri dishes, approximately in the 
centre, wrapped with Parafilm® and incubated in darkness in a laboratory incubator at 25°C for 14 d 
(days) or until perithecia had formed.  
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Table 3.1. Neocosmospora vasinfecta obtained from the Queensland Government Biosecurity Plant 
Pathology Herbarium (BRIP), Brisbane. 
Isolate 
Collection 
Date Locality Host 
BRIP52758 23 April 2009 Dingo, QLD Peanut (cv. PBR Middleton) 
BRIP52760 23 April 2009 ‘The Pocket’, Gogango, QLD Peanut (cv. Wheeler) 
BRIP53601 21 Apr 2010 Gregory Hwy, Emerald QLD Peanut (cv. White Spanish) 
BRIP47264 27 May 2005 Ban Ban Springs, QLD Peanut (cv. White Spanish) 
BRIP53602 21 Apr 2010 Gregory Hwy, Emerald QLD Peanut (cv. Wheeler) 
BRIP56974 10 Feb 2012 Wooroolin, QLD Peanut (cv. PBR Fisher) 
BRIP56975 10 Feb 2012 East Emerald, QLD Peanut (cv. PBR Holt) 
BRIP56976 21 Feb 2012 Haly Creek, Kingaroy QLD Peanut (cv. PBR Middleton) 
BRIP56977 28 Feb 2012 Taabinga, Kingaroy, QLD Peanut (cv. PBR Middleton) 
BRIP56978 28 Feb 2012 Fairymeadow Rd, Miles QLD Peanut (cv. PBR Holt) 
BRIP56979 02 Mar 2012 Coalstoun Lakes, QLD Peanut (cv. PBR Middleton) 
BRIP56980 12 Mar 2012 Bischoff Rd, Coominya QLD Peanut (cv. PBR Holt) 
BRIP56981 21 Mar 2012 West Emerald, Emerald, QLD Peanut (cv. Wheeler) 
BRIP56983 29 Mar 2012 Wooroolin, QLD Peanut (cv. PBR Tingoora) 
BRIP56982 29 Mar 2012 Emu Ck Rd, Colinton QLD Peanut (cv. PBR Holt) 
BRIP47266 27 May 2005 Ban Ban Springs, QLD Peanut (cv. White Spanish) 
BRIP47601 22 Feb 2006 Wellers Rd, Wooroolin QLD Peanut (cv. White Spanish) 
BRIP47265 27 May 2005 Ban Ban Springs, QLD Peanut (cv. White Spanish) 
BRIP12654 15 May 1978 Narayen, Mundubbera, QLD Centrosema (Centrosema 
pascuorum Mart. Ex Benth) 
 
3.2.1.2 Experiment 1a - Morphology of N. vasinfecta isolates 
A study to compare the morphology of Neocosmospora vasinfecta isolates was conducted to confirm 
if the morphological characteristics of the fungus observed for N. vasinfecta in Australia are 
consistent with the description of the fungus outlined in Cannon and Hawksworth (1984) and Guarro 
et al. (2012), and whether there is any diversity between isolates. Sub-cultures of the stored isolates 
BRIP53601, BRIP56978, BRIP52760, BRIP53602, BRIP52759, BRIP56980 and BRIP52760 (origin 
and original host outlined in Table 3.1) were used for the study. Only these seven isolates in Table 
3.1 were available at the time of the experiment. Triplicate Petri dishes containing half-strength potato 
dextrose agar supplemented with 0.01% streptomycin sulphate (½PDAS) were aseptically inoculated 
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in triplicate with 5mm diameter agar plugs taken from the margins of 14 days old colonies of each of 
the above mentioned isolates of N. vasinfecta grown on ½PDAS. The inoculated plates were sealed 
with Parafilm® and incubated in darkness in a laboratory incubator at 25°C for 14-28 d, or until 
ascospores were observed to be oozing from the ostiole of perithecia. To study the sexual state of the 
fungus, individual perithecia were carefully picked from the colony and placed on a glass microscope 
slide in a drop of lactic acid. After the underside of the slide was heated for a few seconds over a 
Bunsen burner flame, a coverslip was placed over the lactic acid drop. The coverslip was gently 
pressed and moved horizontally to fragment the perithecia and expose the asci. The morphology of 
the perithecia, asci and ascospores was examined at 40x magnification under a compound microscope 
(Leica DMLB and Nikon Eclipse 50i) and micrographs were taken using a digital camera (Nikon DS 
with DS-L2 software). The dimensions of 40 perithecia, 60 asci and 100 ascospores for each isolate 
was measured at 40x magnification.  
To examine the asexual state of N. vasinfecta, slide cultures were prepared by placing a bent glass 
rod on filter paper in the base of a 90mm glass Petri dish onto which a glass slide was placed. The 
filter paper was moistened with 5ml of 5% glycerine, the glass lid was placed on the dish and the 
entire unit was autoclaved at 121°C and 103.4 kPa for 15 min. A 1-cm2 PDA agar block was placed 
on the slide, inoculated at the centre of each edge with mycelium of each isolate and a sterile coverslip 
placed on the agar block. Each isolate was cultured in duplicate and the slide cultures were incubated 
on the laboratory bench for 72 h before the coverslip was gently removed and the agar block 
discarded. The coverslip was placed on a clean slide with a drop of lactic acid for examination in the 
same manner as described earlier in this section.  
3.2.1.3 Experiment 1b - Mycelial colony growth rate 
The objective of this study was to assess any potential variation between isolates of N. vasinfecta 
through mycelial growth rate using different growth media in vitro. The mycelial growth rate of 15 
N. vasinfecta isolates selected from the available isolates outlined in Table 3.1 was measured by 
placing a 7mm diameter agar plug cut from actively growing pure colonies and placed in the centre 
of freshly poured ½PDA, V8 agar and 1.5% water agar in 90 mm diameter Petri dishes (see 
Appendix 1, 3 and 4 respectively, for composition) all supplemented with 0.01% streptomycin 
sulphate and incubated in darkness at 25°C.. The specific isolates used for this study are outlined in 
Table 3.2 with three replicate plates per isolate used for analysis. Only 15 After 3 d of incubation, 
the diameter of the fungal colonies were measured in two perpendicular directions using electronic 
digital callipers (LabTek) each day for 14 d and the mean diameter calculated. Analysis of variance 
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was performed on temperature x isolate interaction and the means separated using Tukey’s HSD 
test using Minitab 16 statistical package. 
Table 3.2. A sub-sample of isolates of N. vasinfecta from those available (outlined in Table 3.1) 
used to measure daily colony growth in vitro. 
Isolate Collection Date Locality Host 
BRIP52758 23 April 2009 Dingo, QLD Peanut (cv. PBR Middleton) 
BRIP52760 23 April 2009 ‘The Pocket’, Gogango, QLD Peanut (cv. Wheeler) 
BRIP53601 21 Apr 2010 Gregory Hwy, Emerald QLD Peanut (cv. White Spanish) 
BRIP53602 21 Apr 2010 Gregory Hwy, Emerald QLD Peanut (cv. Wheeler) 
BRIP56974 10 Feb 2012 Wooroolin, QLD Peanut (cv. PBR Fisher) 
BRIP56975 10 Feb 2012 East Emerald, QLD Peanut (cv. PBR Holt) 
BRIP56977 28 Feb 2012 Taabinga, Kingaroy, QLD Peanut (cv. PBR Middleton) 
BRIP56978 28 Feb 2012 Fairymeadow Rd, Miles QLD Peanut (cv. PBR Holt) 
BRIP56979 02 Mar 2012 Coalstoun Lakes, QLD Peanut (cv. PBR Middleton) 
BRIP56980 12 Mar 2012 Bischoff Rd, Coominya QLD Peanut (cv. PBR Holt) 
BRIP56981 21 Mar 2012 West Emerald, Emerald, QLD Peanut (cv. Wheeler) 
BRIP56983 29 Mar 2012 Wooroolin, QLD Peanut (cv. PBR Tingoora) 
BRIP56982 29 Mar 2012 Emu Ck Rd, Colinton QLD Peanut (cv. PBR Holt) 
BRIP47601 22 Feb 2006 Wellers Rd, Wooroolin QLD Peanut (cv. White Spanish) 
BRIP12654 15 May 1978 Narayen, Mundubbera, QLD Centrosema (Centrosema 
pascuorum Mart. Ex Benth) 
 
3.2.1.4 Experiment 1c - Mycelium growth as a function of temperature 
No information has been available regarding the optimum temperatures for vigorous growth of N. 
vasinfecta and due to the relative ease of culturing it at 25°C, there has been little requirement for 
investigating this further. To explore this further, growth studies in response to temperature were 
carried out in addition to the initial mycelial colony growth rate study to determine the optimum 
temperature for growth of N. vasinfecta. This experiment was conducted with the N. vasinfecta var. 
africana isolates BRIP56980, BRIP56976, BRIP56978, BRIP52759, BRIP53602 and BRIP52760. 
Fresh colonies of each isolate were prepared in triplicate using the method outlined in the previous 
experiment, and incubated in darkness at 22 °C, 30°C and 35°C (±0.2°C). The two colony diameter 
measurements were taken using digital callipers at 5, 7 and 10d incubation in two perpendicular 
directions and the mean daily growth rate across all isolates for each temperature was calculated based 
on these measurements.  
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3.2.1.5 Experiment 1d - Neocosmospora species collection and identification in Georgia, USA. 
Seven isolates of N. vasinfecta sourced from peanut plants grown in Tifton, GA, United States of 
America were imported under an Australian Quarantine Inspection Service (AQIS) permit number 
IP15001263 into a quarantine PC2 laboratory (PC0600 and PC6681) at BRIP (Table 3.3) for DNA 
sequencing and morphological identification to compare with N. vasinfecta isolates collected in 
Australia. Due to unforeseen circumstances, morphological identification within Australia was not 
possible therefore any morphological work on these isolates had to be conducted at the University of 
Georgia, USA.  
Table 3.3. Neocosmospora vasinfecta isolates imported from the culture collection held at the 
University of Georgia, Tifton, USA for morphological and molecular comparison against Australian 
isolates of N. vasinfecta. 
Isolate 
Date 
Collected Locality Host 
NS106 2006 Lang Farm, UGA Coastal Plain Exp. Station Arachis hypogaea  
NS406 2006 Lang Farm, UGA Coastal Plain Exp. Station Arachis hypogaea  
NS506 2006 Lang Farm, UGA Coastal Plain Exp. Station Arachis hypogaea  
NS706 2006 Lang Farm, UGA Coastal Plain Exp. Station Arachis hypogaea  
NS201401 2014 Lang Farm, UGA Coastal Plain Exp. Station Arachis hypogaea (cv. 
GA-06G) 
NS201402 2014 Lang Farm, UGA Coastal Plain Exp. Station Arachis hypogaea (cv. 
GA-06G) 
NS201403 2014 Lang Farm, UGA Coastal Plain Exp. Station Arachis hypogaea  (cv. 
GA-06G) 
 
In addition to these seven isolates tentatively identified as N. vasinfecta that were imported into 
Australia from the USA, a further 44 isolates were collected (K Wenham, T Brenneman, A Fulmer) 
from disease loci in peanut trial plots from three locations in Georgia (Black Shank and Lang Park 
Farms, UGA Coastal Plain Experimental Station, Tift County and a commercial peanut crop in East 
Georgia) and one trial site in Florida, USA. The isolates were collected through observations of 
suspected colonisation of peanut taproots by the fungus in situ (that is, the presence of orange 
perithecia) (Figure 3.1) and through submissions from other researchers within the Tifton research 
facility. At the UGA Plant Pathology Headhouse Laboratory, isolations were made by placing surface 
sterilised (rinsed in 2% NaOCl solution for 60 sec and rinsed with sterile deionised water for 60 sec) 
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diseased tissue or perithecia directly removed from peanut roots using a flamed needle onto full 
strength PDA (Difco Laboratories, USA) and incubated under continuous lights (continuous or partly) 
at 25°C for 7-14 d. Colonies of N. vasinfecta were purified by sub-culturing onto fresh PDA 
supplemented with 0.01% streptomycin sulphate and incubated before examination using light 
microscopy to identify the fungus according to the description provided by Cannon and Hawksworth 
(1984).  Following identification, seven isolates were randomly selected by location for identification 
using ITS sequencing. Isolates UGA12 and UGA14, were used from the Black Shank experimental 
station collection and the four Florida isolates UGAKW39, UGAKW40and UGAKW42 and two East 
Georgia isolates UGAKW43 and UGAKW44 were included. In addition to the field-collected 
isolates, the two isolates previously sequenced and identified in Australia as N. vasinfecta 
(UGANS706 and UGANS201401) were also included. Only 20 isolates were included in the study 
due to time and laboratory space constraints. The cultures were purified through single spore sub-
culturing onto PDA slants and sent to the molecular laboratory in the Department of Plant Pathology, 
UGA, Tifton, for DNA extraction, PCR and ITS sequencing according to the method outlined in 
section 3.3.1. 
   
A B 
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Figure 3.1. N. vasinfecta on peanut roots in Tifton, GA, USA. A) Harvested field plots in which plants 
were found with N. vasinfecta on the taproots; B) roots of peanut plants with N. vasinfecta present; 
C) abundant N. vasinfecta perithecia on the taproot of a peanut plant. 
3.2.2 Experiment 2 - Molecular analysis of N. vasinfecta in Australia and the United States 
of America 
3.2.2.1 Experiment 2a - DNA extraction, amplification and sequencing for Australian Isolates 
The purpose of this work was to determine if any heterogeneity is present in N. vasinfecta isolates 
from different geographical locations which may have contributed to more severe disease outbreaks 
in peanut crops in certain areas. The isolates of N. vasinfecta (Table 3.1) used for analysis were 
obtained from the Queensland Government Biosecurity Plant Pathology Herbarium (BRIP) at the 
Ecosciences Precinct, Holland Park, Brisbane. The isolates were cultured on full-strength PDA and 
incubated for 12 d at 20-26°C in the PC2 laboratory at the Ecosciences Precinct, Brisbane. Mycelium 
on the surface of the agar was gently scraped off with a fresh scalpel blade and the DNA extracted 
using a modified protocol used within the BRIP laboratory for isolating genomic DNA from rust and 
smut spores. This protocol involved adding the fungal mycelium to 300µl of extraction buffer 
containing 10mM Tris-HCl (pH 8.0) in 2ml snap-lock tubes with glass beads before adding 5µl of 
Proteinase K (Sigma, 20mg/ml) to the tube and incubating at 55°C for one hour. Samples were 
homogenised for 5 min and centrifuged at high speed in a microcentrifuge for 5 min. The supernatant 
(~300µl) was transferred to a new 1.5ml snap-lock tube and 100µl of protein precipitation solution 
(5M Ammonium Acetate, NH4OAc, Mr=77.09) was added before vortexing for 30 sec and 
incubating on ice 4°C for 10 min. After separating the non-aqueous solution and aqueous solution by 
centrifuging at high speed for 5 min, the DNA was precipitated from the aqueous phase by 
C 
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transferring 300µl of the supernatant to 300µl of isopropanol into a fresh tube and incubated at 
ambient temperature for 10 min. The DNA pellet was then washed with 70% ethanol, dried and 
resuspended in 30µl of DNAase free water for storage at -20°C.  
The internal transcribed spacer region (ITS1-5.8S – ITS2) of the ribosomal DNA was amplified using 
the primers ITS4 and ITS5. The 20µl PCR reaction mixtures were comprised of 7µl distilled water, 
10µl Phusion High-fidelity master mix (Thermo Scientific), 1µl of each of the primers and 1µL of 
the DNA template.  The PCR was performed using the following cycling program: 98°C for 1 minute 
for the initial inactivation step followed by 98°C for 10 seconds, 62°C for 20 seconds, 72°C for 45 
seconds for 35 cycles and then incubated at 72°C 5 minutes for the final extension. Gel electrophoresis 
was carried out to check if the amplification was successful for all of the samples. The bands were 
viewed under a UV illuminator and photographed. The successfully amplified samples were then sent 
to MACROGEN Inc (Seoul, South Korea) for Sanger sequencing. Basic Local Alignment Search Tool 
(BLAST) searches were performed for each isolate. The sequences were carefully checked for accuracy 
by downloading the published papers and double-checking whether individual references compared their 
method of identification to a holotype or to an ex-type specimen. If the isolate matched both the 
morphology and the gene sequences, then the species ID was used in the subsequent analysis.  
Phylogenetic analysis 
Sequences were aligned using MUSCLE in MEGAX (Kumar et al. 2016) and a Maximum 
Likelihood phylogenetic tree (1,000 replications) based on approximately 500 bp of the 18S-28S 
rRNA internal transcribed spacer (ITS) sequence, including the 5.8S rRNA gene. The consensus 
tree was rooted to Geejayessia celtidicola CBS 125502 (Genbank accession HM626657), which 
was selected as an outgroup. A general time reversible model was used to model substitutions, 
deletions were considered complete, and nearest neighbour interchange (NNI) was was employed as 
the maximum likelihood meuristic method.  Experiment 2b - DNA extraction, amplification and 
sequencing of isolates collected in the United States of America.  
The isolates of N. vasinfecta sourced from peanut plants grown in Tifton, GA, United States of 
America imported under the (AQIS) permit number IP15001263 into the quarantine laboratory 
facility at BRIP for sequencing and morphological identification were used only for the molecular 
component of identification within Australia. The aim of this experiment was to determine if there 
was ITS heterogeneity between Australian and USA isolates of N. vasinfecta, which may explain why 
the fungus is only observed as a saprophyte in the USA but can be pathogenic to peanut in Australia. 
The seven U.S. isolates (Table 3.3) were cultured on full strength PDA as outlined above in the 
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quarantine approved facility at BRIP and the DNA was extracted using the method outlined in section 
3.2.2.1.  
3.3 Results 
3.3.1 Experiment 1 - Morphology of Neocosmospora vasinfecta 
3.3.1.1 Experiment 1a - Morphology of N. vasinfecta isolates 
The morphological characteristics of the mycelial colonies of isolates of N. vasinfecta (BRIP53601, 
BRIP56978, BRIP52760, BRIP53602, BRIP52759, BRIP56980 and BRIP52760) selected for the 
study were referred to as Neocosmospora vasinfecta var. africana based on the morphological 
similarities of the fungal colonies grown on ½PDAS with the description given by Cannon and 
Hawksworth (1984) and Fuhlbohm et al. (2007). The growth form of N. vasinfecta on the surface of 
the agar was circular to filamentous, but the use of either PDA at full strength and half-strength or 
water agar as a growth medium influenced the formation of the colony, with the form of most isolates 
grown on WA giving the appearance of being filamentous rather than circular as seen with colonies 
grown on different strengths of PDA. The margin of the colony of each isolate grown on ½PDAS 
was filamentous with raised elevation, however when grown on WA, the colony growth of N. 
vasinfecta appeared sparse and flat. The mycelium for all of the N. vasinfecta isolates was white to 
buff, with small, reddish-orange perithecia (Figure 3.2) scattered across the surface of the colony, 14-
21 d after incubation.  
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Figure 3.2. Colonies of N. vasinfecta growing on half strength PDA. 
The orange, flask-shaped perithecia developed readily on the colonies, often as soon as 10 days after 
inoculation for some isolates. They were scattered across the colonies both on the surface and semi-
submerged. Mature perithecia were 300-450µm long and 200-350µm wide with an ostiole 100µm 
long lined with periphyses and a thick textura angularis wall consisting of several layers. The 
cylindrical asci formed in the base of the perithecia were thin-walled and 85-107µm in length and 10-
13µm wide with a 12-15µm stalk with no apical structures or thickening. Each ascus contained eight 
uniseriately arranged ascospores. The buff to pale orange ascospores were globose to ellipsoidal, (7- 
) 12-13 (-16) x (7- ) 10-12 (-14) µm in size with faintly cerebriform ornamentation (Figure 3.3) under 
light microscopy. The conidia were hyaline, septate and are produced singularly at the apex of the 
conidiophores, congregating around the apex after maturity. The conidia are 8-12µm x 3-5µm and 
were often difficult to find after approximately seven days of culture.   
41 
 
  
 
  
Figure 3.3. Australian isolates of Neocosmospora vasinfecta under light microscopy; a) perithecia 
of isolate BRIP 52760; b) ascospores arranged uniseriately within the asci of isolate BRIP52759B; 
a 
e d 
c 
b 
42 
 
c) ornamentation of ascospores of isolate BRIP52759B; d) Mature ascospores of isolate 
BRIP52759B; e) ornamentation of mature ascospores of isolate BRIP53601.  
3.3.1.2 Experiment 1b - Mycelial colony growth rate 
The mean radial growth rates of the tested isolates at 25°C ranged from 1.4 to 2.7mm per day. Figure 
3.4 displays the mean daily mycelial growth rate values of the isolates examined. The colony growth 
rate was relatively consistent for most isolates however the differences in daily growth rate was not 
significant between isolates (P=0.352) with BRIP12654 and BRIP56982 being the only isolates 
showing clear different daily growth rates (1.3mm/d and 2.7mm/d respectively) from each other.  
 
Figure 3.4. Mean values for Neocosmospora vasinfecta mycelial growth rates in vitro at 25°C (error 
bars represent standard error).  
3.3.1.3 Experiment 1c - Mycelium growth as a function of temperature 
There was little difference in daily mycelial growth rate between isolates within the temperature 
treatments 20°, 30° and 35°C (p=0.352, Table 3.4) therefore all isolates displayed similar growth 
rates in response to temperature. Table 3.4 also shows there was no significant interaction for T x I 
due to the lack of variability in growth rates between the isolates, however there was a significant 
response of the mean daily growth rate of all isolates to the temperature treatment (p<0.005).  
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Table 3.4. Analysis of variance for mycelial growth rate (mm/day) and temperature response of N. 
vasinfecta var. africana isolates. 
Source of 
Variation 
Degrees of 
Freedom 
Mean Squares P Null Hypothesis 
Temperature 2 40.59 0.00 Rejected 
Isolate 4 1.44 0.352 Accepted 
T x I 8 0.77 0.779 Accepted 
Residual 75 1.29   
 
The daily mycelial growth rate of N. vasinfecta was influenced by temperature and the temperature 
range for growth of N. vasinfecta appears to be quite large. Figure 3.5 shows that the daily growth of 
N. vasinfecta increased from 20°C to 30°C. At 30°C mycelium growth appears to peak before the 
daily growth rate reduced at 35°C, indicating optimum temperature for growth of N. vasinfecta is 
likely to be around 30°C. 
Figure 3.5. Mean daily radial colony growth values (mm) of all isolates of N. vasinfecta at 20, 30 and 
35°C. Error bars represent standard error.  
3.3.1.4 Experiment 1d - Neocosmospora species collection and identification in Georgia, USA. 
The colony morphology of the isolates collected from the various locations in Georgia, South 
Carolina and Florida exhibited similar characteristics to the Australian isolates of Neocosmospora 
vasinfecta as outlined in section 3.3.1.1. Initially, colony growth varied across different isolates, 
however the mean daily growth rate across all isolates was 2.5-3mm per day which is within the same 
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range as the daily growth rate for the Australian isolates. There was some variation within the colony 
formation and appearance (Figure 3.6) of the U.S isolates in comparison to the Australian isolates 
due to using a different type of potato dextrose agar. For the isolates grown in the U.S although the 
mycelium had a thicker, more matted appearance than the Australian isolates, the colony edges of 
both were circular to filamentous and raised above the surface of the agar. Perithecia were observed 
to form within 10 days and were generally more concentrated around the agar square used to seed 
each plate (Figure 3.6).  
 
 
 
  
Figure 3.6. 14 day old colonies of N. vasinfecta isolates collected from peanut plants in Georgia, 
South Carolina and Florida, USA grown at 25°C.  
Perithecia of all of the North American isolates of N. vasinfecta were reddish-orange, 300-450µm 
long, 200-350µm wide and ostiolate, with a pronounced neck particularly when close to maturity 
(Figure 3.7) which was consistent with the characteristics of the perithecia of the Australian isolates. 
The asci released from the perithecia were thin-walled and cylindrical in shape and 87-115 x 10-
14µm in size tapering to a 12-13µm long stalk at one end containing eight uniseriately arranged 
ascospores (Figure 3.7). The 12-14 x 8-12µm ascospores were pale orange to hyaline in colour, 
globose to ellipsoidal with a thick wall. From low magnification the ornamentation appeared to be 
consistent with the observations of the Australian isolates with faintly ceribriform edges of the 
ascospore. The conidia also formed in a mucilaginous mass at the end of the conidiophore arising 
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from the hyphae (Figure 3.7). The 11-12 x 1-4µm conidia were abundant within 3-10 days of culture 
and were easily identified by their cylindrical-ellipsoidal and occasionally allantoid shape.   
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Figure 3.7. Morphological characteristics of N. vasinfecta isolates collected from Georgia, South 
Carolina and Florida, USA. A) Asci being released intact from a damaged perithecia; b) Textura 
angularis of the perithecia; c) an ascus containing eight ascospores; d) an intact perithecia; e) asci 
a b 
c d 
e f 
g h 
47 
 
of N. vasinfecta released from the perithecia; f) Ascospores of N. vasinfecta; g) Conidia of N. 
vasinfecta; h) Conidia and conidiophores arising from the hyphae. 
3.3.2 Experiment 2 - Molecular analysis of N. vasinfecta in Australia and the United States 
of America 
Of the 57 isolates of Neocosmospora vasinfecta selected for purification into axenic cultures, 17 of 
the Australian isolates and 16 of the isolates collected from the southern states of the USA were 
sequenced using the internal transcribed spacers (ITS) regions. From the isolates collected the USA 
in 2015, successful DNA extraction was completed for only nine of the isolates which may have been 
the result of environmental contamination in culture. The bootstrap analysis in Figure 3.8 indicates 
that most isolates were from the genus Neocosmospora. There appears to be little variation within the 
ITS region of the Australian isolates and a Megablast search of these sequences identified each 
Australian isolate as Neocosmospora vasinfecta (Fusarium neocosmosporiellum) and 
Neocosmospora vasinfecta var. africana which is consistent with the morphological description of N. 
vasinfecta var. africana given in section 3.2.1.2. The limited variation between isolates was also 
evident within those collected in Georgia, South Carolina and Florida, and the Megablast search 
results identified these isolates as Neocosmospora vasinfecta var. vasinfecta, indicating a difference 
in variety rather than at the species level. Of the seven isolates imported from the USA into Australia 
in 2014 (Table 3.3, section 0), only two were found to be species of the Neocosmospora genus and 
included in the phylogenetic tree in Figure 3.8. Isolate NS201401 was identified as Neocosmospora 
striata through a Megablast search matching the sequence for GI343806278 which was included for 
comparison from another Genbank accession.  
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Figure 3.8. Maximum-Likelihood Tree of an ITS sequence alignment using MEGAX. The scale bar 
shows 0.01 changes per site, and bootstrap support values from 1,000 replicates are shown at the 
nodes. Genbank accession numbers are shown in parentheses. 
3.4 Discussion 
This study was conducted to conclusively identity the pathogen that has caused a significant root 
disease of peanut crops in Australia using morphological and phylogenetic analysis. Another purpose 
of this study was to determine if N. vasinfecta isolates which are considered in the USA to be 
saprophytes or secondary colonisers of peanut roots are the same species of Neocosmospora found in 
Australia.    
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The morphological characteristics of the N. vasinfecta isolates collected in Australia were consistent 
with the description given by Cannon and Hawksworth (1984) for Neocosmospora vasinfecta var. 
africana. This is also consistent with the first report of the fungus as a pathogen of peanut made by 
Fuhlbohm et al. (2007), who reported uniseriate, globose, ellipsoidal ascospores of 10-16x7-12µm in 
size with cerebriform ornamentation. The morphology of the fungal isolates examined for this study 
closely resembles this description, with ascospores globose to ellipsoidal in shape, 7-16x7-14µm with 
a wrinkled appearance, therefore it is likely that all other reports of N. vasinfecta in peanut crops in 
Australia are of the variety africana. The morphological characteristics of other species of the 
Neocosmospora genus are widely varied and can differ significantly in comparison with N. vasinfecta. 
Neocosmospora tenuicristata is quite closely related to N. vasinfecta with similarities within the 
morphology of the ascomata and asci however the ornamentation of the ascospore wall consists of 
transversely oriented ridges as opposed to ceribriform or rugose ornamentation of N. vasinfecta 
(Cannon & Hawksworth 1984). Other species such as N. indica and N. striata have markedly different 
morphological characteristics such as multi-layered ascomatal walls and biseriately arranged 
ascospores. The ascospores of both species are yellow to brown in colour however N. striata also has 
a thick ascospore wall with conspicuous hyaline flanges which is not observed for N. vasinfecta 
(Cannon & Hawksworth 1984). 
The reports of root rot of peanut caused by N. vasinfecta in China (Pan et al. 2010; Sun et al. 2011b), 
Vietnam (Dau et al. 2010) and South Africa (Baard & van Wyk 1985) do not identify N. vasinfecta 
to the variety level, therefore it is difficult to conclude if N. vasinfecta var. africana was the primary 
variety of the species these researchers have found to be pathogenic in peanut, and if peanut is more 
susceptible to damage by this variety than other N. vasinfecta varieties. The morphological 
differences between the africana and vasinfecta varieties are associated with ascospore 
ornamentation, which can be difficult to distinguish under light microscopy and may be why none of 
these studies confirm the varietal status of the isolates cultured. Gai et al. (2011a) is the only other 
report to identify the causal pathogen of root rot of peanut in the Jiangxi Province of China as N. 
vasinfecta var. africana. Further molecular work would conclusively identify the causal pathogen. 
The isolates collected in Georgia, South Carolina and Florida in the USA exhibited similar 
morphological characteristics as the Australian isolates of N. vasinfecta with the perithecia formation, 
asci and ascospore measurements within the same range as N. vasinfecta var. africana. It is important 
to note that while these isolates were collected exclusively from peanut hosts, and that the fungus was 
only observed in conjunction with infection by Tomato Spotted Wilt Virus (TSW) or root-knot 
nematodes (Meloidogyne arenaria). From the symptoms expressed by the peanut plants, N. vasinfecta 
behaved saprophytically, or as a secondary pathogen, rather than the primary cause of root damage 
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and disease. This was particularly evident on the UGA research farms in the research trials evaluating 
breeding lines for potential resistance to common peanut diseases such as TSW virus, nematodes and 
white mould, therefore soil and artificial inoculum levels of these diseases was quite high to ensure 
adequate infection. Observations of N. vasinfecta perithecia on the taproot of peanut plants at the time 
of crop harvest is quite common and has been observed for many years according to the research staff 
working with peanuts at UGA. It is seldom seen during the growing season and while sampling plants 
for isolate collection, N. vasinfecta was exclusively observed alongside another soilborne disease or 
virus, indicating it is likely to be a weak pathogen under optimum conditions but is able to readily 
colonise compromised plants as a saprophyte in the later stages of crop growth.  
The culturing of Neocosmospora in vitro is a relatively straightforward process with no special media 
or incubation requirements for growth or to induce sporulation.  There were few differences between 
the isolates that were grown in vitro. The mean daily mycelial growth rate of the fungus in culture is 
1.8-2.7mm/day at 25°C, indicating little variation between isolates regardless of the geographical 
location from which they were collected. The rate of growth of N. vasinfecta was also investigated in 
response to temperature. There did not appear to be diversity between the individual isolates, however 
there was a significant influence of temperature on growth rate. N. vasinfecta appears to grow more 
rapidly at 30°C than at the lower temperatures, however this appears to be the optimum temperature 
for growth before a decline in daily growth rate is observed at 35°C. Further investigations into the 
potential for this to be an indicator of peanut infection potential in the field will be outlined in Chapter 
8. 
A Megablast search of the ITS sequences of the Australian isolates identifies all of the isolates as N. 
vasinfecta or Fusarium neocosmosporiellum with 99% similarity to existing sequences on 
GenBANK. Based on the morphology of these isolates, it is likely that they can be identified to the 
variety level as N. vasinfecta var. africana. A Megablast search of the initial seven isolates imported 
from the USA to compare with the Australian isolates in accession, found that two isolates were 
identified as Neocosmospora striata, and the other five isolates appeared to be Fusarium spp., 
Gaeumannomyces graminis and other unknown cultures, which is likely to be a result of 
contamination during the culture storage process. The cultures collected in the USA and sequenced 
at UGA were identified as N. vasinfecta var. vasinfecta according to the Megablast search indicating 
a potential variety difference of the fungus between Australia and the USA however the phylogenetic 
analysis constructed (Figure 3.8) shows there is little variation between the two therefore the true 
identity of the fungus is still unclearDue to complications in the amplification phase, it was only 
possible to successfully sequence the ITS region, with complications occurring whilst attempting to 
sequence the translation elongation factor 1 gene (TEF1-α) which would have allowed for more 
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conclusive results of the phylogenetic analysis and further confirmed any species or varietal 
differences between Australia and the USA. This issue has been highlighted in other reports of the 
fungus as a pathogen of peanut (Dau et al. 2010; Pan et al. 2010), where the pathogen has only 
identified only as N. vasinfecta using morphological and phylogenetical analysis, which has not 
concluded the true identity of the pathogen causing severe symptoms of disease.  
 
3.5 Conclusion  
The morphological characteristics of  all Australian isolates examined found them to be identical and 
consistent with the description of N. vasinfecta var. africana given by Cannon and Hawksworth 
(1984). Also, the Australian isolates were clustered in the same clade after analysis of the ITS region, 
with isolates from several states in the USA and clustered in a different clade. Therefore the results 
of this study identify Neocosmospora vasinfecta var. africana as the causal agent of Neocosmospora 
root and pod rot of peanut in Australia. The difference in the identity of the varieties of N. vasinfecta 
between Australia and the USA is reflected in observations on their lifestyle, with N. vasinfecta var. 
africana in Australia being a primary, possibly abiotic stress-induced pathogen of peanut plants, while 
N. vasinfecta var. vasinfecta in the USA appears to be a weak secondary pathogen and/or saprophyte 
that only invades peanut plants that are compromised by other pathogens, including TSW and root 
knot nematodes.  
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4 CHAPTER 4 
Distribution and incidence of Neocosmospora root rot in peanut crops in 
Australia 
4.1 Introduction 
The distribution of many fungi can be extensive and largely unknown due to the ability of many to 
survive as endophytes and saprophytes rather than solely as pathogens of economic importance to the 
agricultural industry. The distribution of pathogenic fungi is primarily influenced by the distribution 
of the host plants, and the infectivity of the pathogen is influenced by the environmental conditions 
experienced when a compatible host becomes available (Mikaberidze et al. 2016). Most records of 
plant pathogenic fungi are from agricultural crop plants and herbarium species (Shivas 1995), 
therefore descriptive information is generally limited regarding the environmental conditions at the 
time of collection, the biology of pathogens and their distribution (García-Guzmán & Morales 2007) 
and this lack of information can be frustrating, particularly during preliminary investigations into new 
or emerging pathogens. 
Neocosmospora vasinfecta var. africana is considered to be an emerging pathogen of peanut crops in 
Australia, and potentially worldwide, but little is known about the distribution of the fungus, its 
pathogenicity or incidence of disease outbreaks. To date, reports of N. vasinfecta var. africana on 
peanuts in Australia have spanned the states of Queensland and New South Wales, with sporadic 
reports of the fungus in the Northern Territory (Fuhlbohm et al. 2007). In recent years N. vasinfecta 
var. africana has primarily been described as a pathogen of peanut (Arachis hypogaea), however 
there have also been reports of isolations from a wide range of other host plants including soybean 
(Glycine max), chickpea (Cicer arietinum), lucerne (Medicago sativa), centro grass (Centrosema 
pascuorum), couch grass (Cynodon dactylon) and one report of the fungus as a human (Homo 
sapiens) pathogen (Plant Health Australia 2001).  
The first recorded outbreak of Neocosmospora root rot in Australia occurred in 2005 in an irrigated 
peanut crop at Ban Springs (25°40’54”S, 151°, 48’52”E) in southern Queensland, with 40% of the 5 
ha field exhibiting symptoms of wilting and yellowing of the aboveground plant parts, together with 
extensive root rot and premature death of plants (Fuhlbohm et al. 2007). Further reports have 
indicated losses of greater than 50% of total pod yield in the Emerald region of central Queensland 
in the 2007-2008 and 2010-2011 seasons.  
There have been no reports of severe outbreaks of the disease in peanut crops in Australia since 2012, 
with only a low incidence (<1%) of plants being affected by N. vasinfecta var. africana and no major 
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yield losses reported. This observation may indicate that the abiotic factors necessary to induce 
infection have not been as conducive over the past 4 years as they were previously. In Georgia USA, 
perithecia of N. vasinfecta are frequently observed at the time of harvest in a saprophytic capacity on 
the taproot of peanut plants that have already been compromised by spotted wilt disease (Tomato 
spotted wilt virus, TSWV) or other soilborne pathogens (Kemerait 2000).  Infection of peanut plants 
with TSWV can often result in the taproot and lateral root system becoming blackened and decayed, 
which are similar symptoms to those of Neocosmospora root rot.  Neocosmospora vasinfecta var. 
africana is rarely isolated from the vascular tissue of the main taproot in the absence of TSWV, so it 
has not been considered to be the primary pathogen (T. Brenneman 2015, personal communication).   
It has been postulated that N. vasinfecta var. africana may infect peanut plants in conjunction with a 
Tospovirus in Australia in a synergistic pathogen-pathogen relationship such as that found in the 
fungi-bacteria sugar beet root rot complex caused by Rhizoctonia solani and Leuconostoc 
mesenteroides (Strausbaugh & Eujayl 2012). This hypothesis is based on the regular observation of 
the association between Tomato spotted wilt virus and N. vasinfecta var. africana in Georgia, USA. 
In Australia, viruses which are pathogenic to peanut  include  Tomato spotted wilt virus (TSWV), 
Capsicum chlorosis virus (CaCV) and Tobacco streak virus (TSV) (Department of Agriculture 2012). 
Both TSWV and CaCV have been found in the South Burnett region of S.E. Queensland, and TSV 
has been reported in the Emerald region of Central Queensland (Persley et al. 2006) in areas where 
yield losses in peanut due to Neocosmospora root rot have occurred  However, no interactions 
between this fungus and viruses have been reported in the literature.   
This chapter focuses on determining the distribution and incidence of Neocosmospora root rot in 
Australia, and the severity of disease outbreaks in major peanut growing areas in Queensland. There 
have been no serious epidemics of the disease since the 2010-2011 season when Neocosmospora root 
rot was prevalent in the North Burnett and Central Queensland regions. This raises the question of N. 
vasinfecta var. africana being the only pathogen responsible for the damage in affected peanut crops, 
or if it is only present in conjunction with another pathogen. As a result, this chapter has explored the 
distribution of N. vasinfecta var. africana in Australia and documented incidences of the disease and 
the conditions surrounding infection. The relationship between Neocosmospora root rot and peanut 
Tospovirus is also examined in this chapter to determine if there may be an interaction leading to 
significant yield losses.  
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4.2 Materials and Methods 
4.2.1 Experiment 1 - Geographic distribution of Neocosmospora vasinfecta var. africana in 
Australia 
Surveys of the incidence of Neocosmospora root rot were conducted from May 2013 through to May 
2016 to determine the distribution and severity of outbreaks of the disease in peanut crops throughout 
Queensland. Randomly selected peanut crops were sampled (32 in total from the South Burnett, 
Bundaberg and central Queensland regions from 2013 to 2016) and each was divided into four 
quadrants approximately one quarter of the field size, and a walk-through in a ‘zig zag’ pattern was 
conducted in each quadrant of each crop to identify any peanut plants potentially infected with N. 
vasinfecta var. africana. A random sample of plants exhibiting typical symptoms such as wilting of 
the main stem or whole plant, chlorosis or plant death were removed from the soil and inspected for 
root decay, pod decay, a blackened root system and the presence of reddish-orange perithecia of N. 
vasinfecta var. africana on the main taproot, lateral root system or pods. The number of samples taken 
from each site is outlined later in this chapter, inTable 4.4. The number of samples collected for 
disease identification was dependent on the number of plants suspected to be infected with the disease 
in each crop and the commercial or research value of the crop. If perithecia typical of N. vasinfecta 
var. africana were present, the plant was identified as being infected with the pathogen. If no 
perithecia were present, tissue from the margin of infection of the root or crown of the plant was 
rinsed thoroughly and surface sterilised using a 1.5% NaOCl solution. Four small 5mm x 5mm 
sections of infected tissue were placed onto half strength potato dextrose agar supplemented with 
0.01% streptomycin sulphate (½PDAS) and incubated in darkness at 25°C in a laboratory incubator 
for 14 d or until perithecia formed. The morphology of any perithecia which developed, together with 
those of asci and ascospores, was compared with published descriptions by Cannon and Hawksworth 
(1984) and Fuhlbohm et al. (2007) to confirm the presence of N. vasinfecta var. africana. For each 
crop, an estimation of the total area affected by the disease was also made to determine the regions 
with the highest incidence of disease and the years the disease has been most prevalent.  
4.2.2 Experiment 2 - Incidence of Neocosmospora root rot of peanut from 2013 to 2016 
Observations of the behaviour of N. vasinfecta var. africana as a pathogen of peanut crops in 
Queensland, Australia were made from 2013 to 2016. The purpose of this study was to determine if 
N. vasinfecta var. africana was consistently the primary pathogen responsible for outbreaks of root 
disease of peanut and the spatial distribution of the pathogen during an outbreak. Three areas were 
monitored for disease incidence from early emergence of peanut crops at 14 – 40 days after planting 
(DAP) through to harvest at 140-155 DAP during the period from 2013 to 2016. Identified disease 
loci were monitored to determine if the disease spread rapidly from plant to plant, or if infections 
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were relatively localised. Sites for pathogen observation included Deneliza Downs (23°54.26’S, 
148°19.23’E) and Codenwarra (23°50.57’S, 148°24.14’E) in Emerald, Central Queensland, and 
Taabinga Research Station (26°57.91’S, 151°82.96’E), Kingaroy, in south east Queensland. These 
approximately 0.2 – 0.5ha sites were chosen based on ease of access, previous reports of the disease 
and consistent peanut crops. Disease severity was scored on a 0-5 scale (Table 4.1). If distinct disease 
loci were identified by the presence of orange-red perithecia and typical Neocosmospora root rot 
symptoms, the diameter of the infected area was measured to determine the spread of the disease.  
Table 4.1. The 0-5 scoring system used to rate the incidence of N. vasinfecta var. africana infection 
of peanut crops. 
Disease Score Description 
0 <5% of total plants affected 
1 6-20% of total plants affected 
2 21-40% of total plants affected  
3 41-60% of total plants affected 
4 61-80% of plants affected 
5 Whole crop or 100% of plants 
affected. 
 
4.2.3 Experiment 3a - Pilot field trials in the Central Queensland region in 2013 
In 2013 a field trial conducted by the Australian Genetic Improvement Program to assess the 
agronomic performance of full season and ultra-early commercial peanut cultivars in the Emerald 
region to identify any potential sources of resistance to Neocosmospora root rot infection. The trial 
was planted in an area where Neocosmospora root rot had caused significant yield loss in previous 
years. Twelve (12) full season genotypes and 20 early maturing genotypes were planted on 16 
December 2012 in a randomised plot design with two replications under centre pivot irrigation at the 
Codenwarra Pastoral property in Emerald, Central Queensland (23°31’S, 148°17’E). Trifluralin at 
2.0L/ha was applied and incorporated before planting for weed control. . The plots were planted using 
a legume planter on raised beds at a rate of 130,000 seeds/ha. Each plot was 5m long with 
approximately 60 plants per plot established.  Bulk seed was planted around the trial as a buffer. The 
genotypes included are listed in Table 4.2.Error! Reference source not found. The trial was 
maintained by the farm cropping manager, including control operations for insects and foliar diseases. 
At 100, 123 and 144 DAP, counts of the number of disease foci (1 focus = 1 plant) were conducted 
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in each treatment plot. At maturity the plots were harvested and the pods and shelled kernels weighed 
for each genotype.  
Table 4.2. The commercial peanut cultivars and pre-release breeding lines evaluated in the 2013 
field trials in Emerald, Central Qld. 
 Commercial cultivars Breeding lines 
Full season genotypes PBR Page, PBR Holt, PBR 
Southern Runner, PBR 
Farnsfield, PBR Sutherland, 
PBR Menzies, PBR Middleton, 
PBR Fisher, PBR Wheeler 
D281-p40-236A 
D280-p4-115 
D281-p36-224 
Early maturing genotypes PBR Walter, PBR Redvale, 
PBR Tingoora 
P13-p21-226, p13-p69-241, 
D193-p3-6 pink, p13-p21-223, 
D291-p186-189, D288-2-p17-
28, D291-p143-114, P13-p23-
233, p13-p45-235, D291-
p191-194, p13-p01-208, 
D288-2-p17-25, p13-p07-218, 
p13-p07-219, D288-1-p8-11, 
D193-p3-2-198, D291-p137-
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4.2.4 Experiment 3b – Variety trials in CQ 2016 
In 2016, a cultivar demonstration trial was planted at Deneliza Downs, near Emerald in central 
Queensland in a randomised block design to measure the agronomic performance of cultivars under 
field conditions (Figure 4.1). Trifluralin at a rate of 2.0L/ha was applied and incorporated prior to 
planting for weed control at the site. The trial was planted using a John Deer 12 row planter 90cm 
apart on 1st January 2016 into prepared beds. The commercial cultivars PBR Comet (CO), PBR Fisher 
(FI), PBR Kairi (KA), PBR Holt (HO), Page (PG), PBR Redvale (RV), PBR Taabinga (TAA) and 
breeding line PBR P19-1-p2-3 (P19) were used. Each plot consisted of four 30m rows planted 90cm 
apart with two replications per variety. Flood irrigation was utilised when required. The trial was 
maintained by the farm cropping manager in accordance with the surrounding commercial crop, 
including control operations for insects and foliar diseases. At 140DAP, there was confirmed 
Neocosmospora root rot observed within the trial, which provided an opportunity to conduct disease 
foci counts on three 1.2m sections within each plot to determine the percentage of plants for each 
variety affected by Neocosmospora root rot.  
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Figure 4.1. A cultivar demonstration trial site at 20 weeks after planting at Deneliza Downs, 
Emerald, central Queensland, 20 weeks after planting. 
4.2.5 Experiment 4 - Neocosmospora root rot ‘hotspots’ in the field 
Previous observations (pers. Comm. G. Wright) of Neocosmospora root rot in peanut crops suggested 
that infection may spread from individual foci of infected plants, leading to the development of 
‘hotspots’ with the potential to spread further.  The aim of this study was to determine if N. vasinfecta 
var. africana was the primary pathogen of all plants exhibiting aboveground symptoms of 
Neocosmospora root rot in each hotspot, and if the plants on the margin of hotspot were colonised by 
the fungus without displaying symptoms.  
Four disease hotspots of peanut plants exhibiting typical aboveground symptoms of Neocosmospora 
root rot such as chlorosis, wilting and plant death were identified within an irrigated peanut crop at 
Wooroolin, south East Queensland in 2015 (Figure 4.2).  Confirmation of N. vasinfecta var. africana 
as the causal pathogen was conducted in the field on some plants by observing the presence of typical 
perithecia in necrotic tissues on taproots (Figure 4.3). Twenty (20) plants exhibiting these symptoms 
of infection by N. vasinfecta var. africana were removed from the soil from each hotspot using a 
digging fork and placed into labelled hessian bags. Another 20 non-symptomatic plants were removed 
from the margin of the hotspot and placed into labelled hessian bags. A further 20 apparently healthy 
plants, from areas at least 40m away from the hotspots, were included to investigate the possibility 
that N. vasinfecta var. africana is able to colonise healthy peanut plants in a potentially endophytic 
capacity. All samples transported in an air-conditioned vehicle to the Plant Pathology laboratory at 
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Kingaroy Research Station for processing. The roots of all plants were thoroughly inspected and the 
root system was excised using secateurs. The roots were surface sterilised by first washing in a 2% 
NaOCl solution followed by a 60 sec dip in 70% ethanol before rinsing with sterile deionised water 
and draining on sterile paper towel. To determine if N. vasinfecta var. africana was present in the 
vascular tissue of the roots, pieces of tissue were taken from the margin of necrotic tissue or 
discolouration and placed onto half strength potato dextrose agar supplemented with 0.01% 
streptomycin sulphate (½PDAS). Each sample was plated in triplicate and incubated for 14 d at 25°C 
in darkness. The same isolation procedure was applied to the non-symptomatic plants collected from 
the margins of the hotspots and the apparently healthy plants collected from areas well outside the 
hotspots, with samples being taken from apparently healthy taproot tissue near the crown, in the 
middle of the taproot and at the root tip.     
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Figure 4.2. Potential disease hotspots (circled in red) of chlorotic plants infected by N. vasinfecta 
var. africana in a peanut crop at Wooroolin, in south east Queensland. 
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Figure 4.3. The decayed taproots of peanut plants sampled from a suspected N. vasinfecta var. 
africana hotspot in a peanut crop at Wooroolin, in south east Queensland. Note the orange 
perithecia of N. vasinfecta var. africana. 
4.2.6 Experiment 5 - Relationship between Neocosmospora root rot and peanut Tospovirus 
Redvale Research Station at Kingaroy 
Chapter 3 highlighted N. vasinfecta var. africana as a saprophyte of peanut in the USA and/or an 
opportunistic pathogen after the plant had been compromised through infection by another pathogen. 
During a survey conducted by myself and Dr Tim Brenneman at the University of Georgia research 
farms in Tifton, GA, USA in 2015, N. vasinfecta var. africana was primarily found on the taproot of 
plants affected by peanut Tospovirus such as Tomato Spotted Wilt virus (TSWV) or root knot 
nematodes (Meloidogyne arenaria).  The presence of N. vasinfecta var. africana in conjunction with 
another pathogen has not been reported in Australia, however in Georgia, perithecia of N. vasinfecta 
var. africana have never been found without another pathogen being present (pers. observation T. 
Brenneman, K. Wenham). The aim of this investigation was to determine if N. vasinfecta var. 
africana was associated with virus infection in peanut. At the DAFQ Redvale research station, 
Kingaroy, 10 mature peanut plants displaying symptoms of virus infection, including stunted growth, 
leaf thickening or deformity, whole-plant chlorosis, mottling of foliage or a malformed root system, 
were selected (Figure 4.4). Colonisation by N. vasinfecta var. africana of the virus-affected plants 
was confirmed in all cases by the presence of perithecia typical of N. vasinfecta var. africana and/or 
of necrotic roots. Tissue from the root tip and crown areas were placed onto ½PDAS and incubated 
for 14 d at 25°C in darkness in the laboratory incubator for further confirmation of the presence of 
the fungus in the plant roots. 
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Figure 4.4. Peanut plants exhibiting typical symptoms of Tospovirus infection from the Redvale 
Research Station, Kingaroy. 
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Deneliza Downs at Emerald, central Queensland 
A more extensive survey was conducted in Emerald, central Queensland based on reports of high 
virus incidence in 2016 peanut crops, and a history of Neocosmospora root rot outbreaks in the area. 
The aim of this experiment was to determine whether N. vasinfecta var. africana was frequently 
associated with a Tospovirus in affected peanut plants. The ‘virus’ cohort consisted of 20 plants 
exhibiting possible virus symptoms but with no signs or symptoms of Neocosmospora root rot which 
were collected from a commercial peanut crop of the cultivar PBR Kairi. The ‘soilborne disease’ 
cohort consisted of a further 20 plants exhibiting typical symptoms and signs of Neocosmospora root 
rot with no obvious virus symptoms that were also removed from the same crop. All plants were 
transported within three days to the Ecosciences Precinct, Brisbane to determine if TSWV or Tobacco 
Streak virus (TSV) was present in leaf or root tissue of the plant and to conduct  isolations to 
determine if N. vasinfecta var. africana was present or not in the root tissue of the plants from both 
treatments.  
A double-antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) kit for TSWV 
(Bio-Rad) and TSV (Agdia®) was used for analysis according to the manufacturer’s instructions. The 
antibodies for TSWV and TSV were diluted 1:500 in a carbonate coating buffer with a pH of 9.6 and 
100µl loaded into 84 wells of two ELISA plates (one plate for each Tospovirus) and incubated for 3 
h at room temperature. After incubation the plates were washed three times for 3 min with PBS-T. 
The antigen samples were extracted by grinding the roots and leaves of each sample from the virus 
affected treatment group and the soilborne disease group at 1:10 in PBS-T-PVP (2%PVP) using a 
mortar and pestle for the root samples and a tissue lyser for the leaf samples and kept on ice. The 
samples were centrifuged for 1 min in 1.5ml plastic tubes and 100µl of the antigen loaded in each 
well. The plates were incubated overnight at 5°C. The plates were again washed three times for 3 min 
with PBS-T. The TSV bottles A and B were diluted 1:500 in PBS-T containing a mix of healthy sap 
(1:100) for Nicotiana tobacum sc. Xanthi, beans (Phaseolus vulgaris) and sunflower (Helianthus 
annuus). The TSWV AP conjugate was diluted 1:500 in PBS-T and 100µl of both conjugates was 
loaded in the wells of the respective TSWV or TSV ELISA plate and incubated for three hours at 
room temperature (Figure 4.5). The plates were washed again three times for 3 min with PBS-T. The 
substrate was prepared by dissolving p-nitrophenyl phosphate at 1mg/ml in the substrate buffer 
(diethanolamine buffer, pH 9.6) and 100µl was loaded in each well of the ELISA plate and incubated 
again at room temperature for 3 h and placed into the Multiskanex Primary EIA V.2.3 absorbance 
microplate reader to determine the quantity of antigen in the sample. A positive control for TSV 
sample taken from stored tobacco leaves and field-affected capsicum leaves were used as a positive 
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control for TSWV. Leaves of disease-free peanut and capsicum (Capsicum annuum) plants grown in 
the glasshouse were included as negative controls for both TSV and TSWV.  
 
Figure 4.5. ELISA plates loaded with samples for analysis of Tobacco Streak Virus and Tomato 
Spotted Wilt Virus for analysis. 
To identify if N. vasinfecta var. africana was present in the roots of the apparent virus and soilborne 
disease affected plant samples, pieces of tissue from the roots of each plant were surface sterilised by 
rinsing in a 2% NaOCl solution for 5 min and dipped into 70% EtOH. The samples were rinsed with 
sterile deionised water and drained on sterile paper towel. Four 5 x 5mm pieces of tissue from each 
sample were placed onto the surface of ½PDAS in Petri dishes, with each sample being plated in 
triplicate. The Petri dishes were incubated for 7-14 d at 25°C in darkness and examined for the 
presence or absence of perithecia of N. vasinfecta var. africana.   
4.3 Results 
4.3.1 Experiment 1 - Geographic distribution of Neocosmospora vasinfecta var. africana in 
Australia  
The distribution of N. vasinfecta var. africana found as a pathogen of peanut and other hosts in 
Queensland for the years 2013 to 2016 is presented in Figure 4.6. In 2013, Neocosmospora root rot 
was identified Emerald, central Queensland and the Wooroolin and Taabinga area within the South 
Burnett. In 2014 the disease was found to have a broad distribution with N. vasinfecta var. africana 
identified in peanut crops in the Taabinga and Kingaroy areas of the South Burnett and several crops 
in the Emerald area extending to four irrigated crops in Comet just south of Emerald. During 2015, 
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N. vasinfecta var. africana was present in peanut crops in Emerald, Taabinga, Kingaroy and the 
Brisbane Valley. Table 4.3 outlines the disease scores given to each peanut crop surveyed for 
incidence of Neocosmospora root rot from 2013 to 2016 to give a total of 32 crops infected at varying 
levels with N. vasinfecta var. africana.  
 
Figure 4.6. A distribution map of N. vasinfecta var. africana recorded from 2013-2016. The orange 
markers indicate records of N. vasinfecta var. africana in 2013, yellow markers for 2014, purple 
indicates 2015 and blue indicates the areas N. vasinfecta var. africana was observed in 2016.  
 
 
 
 
Table 4.3. A summary of the location and number of plant samples taken from peanuts crop 
surveyed for incidence of Neocosmospora root rot from 2013 to 2016. A disease score was given to 
each location for disease incidence. 
 
Emerald 
South Burnett Brisbane Valley 
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Collection 
Year Property Region (Qld) 
No. of 
Samples 
Disease 
Score 
2013 Codenwarra – Pivot A and B Emerald 89 1-2 
2013 Kingaroy Research Station South Burnett 9 0 
2013 Julian Cross – Kumbia A South Burnett 18 0 
2013  Julian Cross – Kumbia B South Burnett 50 0 
2014 Kingaroy Research Station South Burnett 7 0 
2014 Roger Lewis A Emerald Region 30 1 
2014 Roger Lewis B Emerald Region 30 1 
2014 Cunzolo Farms, Comet A Emerald Region 25 0 
2014 Cunzolo Farms, Comet B Emerald Region 20 0 
2014  Deneliza Downs - Home Emerald Region 37 1 
2014 Deneliza Downs - Lease Emerald Region 16 1 
2014 Howlett Farming – West Pivot South Burnett 2 0 
2014 Bundaberg Research Station Bundaberg 7 0 
2014  Grower Property - soybean Bundaberg 15 1 
2014 Julian Cross – Kumbia C South Burnett 10 0 
2014 Redvale Research Station South Burnett 6 0 
2015 Codenwarra – Pivot A Emerald 52 0 
2015 Codenwarra – Pivot A Emerald 35 0 
2015 Deneliza Downs - Home Emerald Region 30 1 
2015 Deneliza Downs - Lease Emerald Region 20 1 
2015 Deneliza Downs - Commercial Emerald Region 18 1 
2015 Anthony Cunzolo – PBR Holt Emerald Region 5 0 
2015 Anthony Cunzolo – 2nd Pivot Emerald Region 8 0 
2015 Bundaberg Research Station Bundaberg 10 0 
2015 Kingaroy Research Station South Burnett 11 0 
2015 Howlett Farming – Trial site South Burnett 20 0 
2015 Young’s Wooroolin South Burnett 180 2 
2016 Deneliza Downs Emerald Region 85 1 
2016 Kingaroy Research Station South Burnett Region 10 0 
2016  Tessman’s - Kumbia South Burnett Region 27 2 
2016 Redvale Research Station South Burnett Region 15 1 
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4.3.2 Experiment 2 - Incidence of Neocosmospora root rot of peanut from 2013 to 2016 
Low incidence of disease was recorded at Deneliza Downs in Central Queensland during the years 
2013 to 2016, with the percentage of plants affected by Neocosmospora root rot being less than 20%, 
therefore each crop received a disease score of 1. In 2015 many plants exhibiting typical symptoms 
of the disease such as chlorosis, wilting of the main stem or whole plant and plant death (Figure 4.7) 
were reported. It appeared the damage was quite extensive and aerial surveys showed affected areas 
were quite visible due to the extensive discolouration of the foliage (Figure 4.7).  N. vasinfecta var. 
africana was not isolated from more than 5% of the samples of root tissue taken from symptomatic 
plants therefore it was not the primary pathogen causing these symptoms. Symptoms on the pods 
were consistent with Pythium spp. infection however this was not confirmed. 
  
 
Figure 4.7. A) and B) Wilted and dying peanut plants during suspected outbreak of Neocosmospora 
root rot in peanut crops at Deneliza Downs, Emerald, central Queensland in 2015; C) An aerial 
A B 
C 
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photograph of chlorotic areas (circled) of an irrigated peanut crop suspected to be infected with 
Neocosmospora root rot at Deneliza Downs, Emerald. 
In 2013 peanut crops surveyed at Codenwarra received a disease score between 1 and 2, with the 
percentage of symptomatic plants being approximately 30%. Neocosmospora vasinfecta var. africana 
was isolated from the roots of >90% of the plants sampled from the irrigated crop. Peanuts were not 
grown again until the summer of 2015 when a rating of 0 was given during surveys due to relatively 
low incidence of Neocosmospora root rot. There was extensive plant damage caused by Sclerotium 
rolfsii and improper herbicide application, but N. vasinfecta var. africana was found only in plants 
with mechanical damage in the irrigator wheel tracks. At the Kingaroy Research Station in south east 
Queensland N. vasinfecta var. africana was consistently isolated from the roots of symptomatic plants 
from 2013 to 2016, however disease incidence was comparatively low (disease score 0) with only 
scattered infected across the peanut crop. No symptoms consistent with Neocosmospora root rot were 
observed in any peanut crops in the three survey areas before 100DAP. No measurements were able 
to be taken to determine the distance and rate of disease spread due to low incidence of the pathogen 
in the survey years.  
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4.3.3 Experiment 3a – Pilot Field Trials in Central Queensland in 2013 and 2016 
Full season trial 
In 2013, the incidence of Neocosmospora root rot infection of peanut crops in central Queensland 
commercial peanut crops and in the field trial was relatively low however some symptoms typical of 
the disease developed, albeit at low incidence (<1%) in the pilot trial at Codenwarra ( 
Figure 4.8). Pod yields of up to 7000kg/ha were harvested from the full season plots, however the 
yield variance between plots not significant (P=0.459) across the genotypes (Figure 4.9). Figure 4.10 
outlines the percentage of diseased plants within each plot for the twelve genotypes. The variation of 
dead or dying plants between the genotypes was also not significant (P=0.224), therefore it is unlikely 
that there are sources of resistance to the pathogen within these cultivars under these conditions. 
Figure 4.11 demonstrates a poor relationship (P=0.647) between the percentage of plants infected 
with the pathogen and the total pod yield although it is apparent that there is a slight trend towards 
higher yields with lower infection percentages.   
 
Figure 4.8. Peanut plants with symptoms of Neocosmospora root rot in the cultivar demonstration 
trial at Codenwarra, Emerald, central Queensland in 2013. 
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Figure 4.9. Total harvested pods (kg/ha) for each cultivar planted in the 2013 field trials at 
Codenwarra, Emerald. Bars = standard error. 
 
Figure 4.10. The percentage (%) of plants infected with Neocosmospora root rot for each cultivar. 
Bars = standard error. 
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Figure 4.11. The relationship between the percentage (%) of infected plants and pod yield (kg/ha) 
for the full season cultivars. 
Ultra early cultivars 
The effect of genotype on yield (kg/ha) was not significant (P=0.186) for the ultra-early cultivars. 
There was little variation in overall pod yield across the different genotypes with the total mean yield 
of 4000kg/ha. There was variance in yield between plots of the individual genotypes (Figure 4.12) 
and this variance within genotypes was also seen in the percentage of plants infected with the 
pathogen within the plots (Figure 4.13). In addition to this, the genotype had no significant effect 
(P=0.437) on the percentage of plants infected with Neocosmospora root rot however and there were 
fewer infected plants within the plot than recorded for the full season cultivars. A Spearman’s 
correlation was run to assess the relationship between kernel yield and percentage of infected plants 
however there was no statistically significant correlation between the two variables, rs = -0.075, P = 
0.647 (Figure 4.14).   
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Figure 4.12. Total harvested pods (kg/ha) for the ultra early cultivars planted in the 2013 field trials 
at Codenwarra, Emerald. Bars = standard error. 
 
 
Figure 4.13. The percentage (%) of plants infected with Neocosmospora root rot for each cultivar. 
Bars = standard error. 
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Figure 4.14. The relationship between the percentage on infected plants (%) and pod yield (kg/ha) 
for the earlier maturing cultivars. 
4.3.4 Experiment 3b – Variety trials in CQ 2016 
Pod yields obtained in the variety field trial conducted in 2016 were lower than experienced by the 
same varieties in 2013, which was likely to be associated with extensive bird damage at harvest time, 
rather than a result of soilborne disease incidence. There were significant differences (P=0.025) 
between pod yields achieved by the different cultivars (Figure 4.15) with cv. PBR Comet recording 
the highest yield of all cultivars. The relationship between the cultivar pod yield and the number of 
disease foci counted within each plot was not significant (P = 0.999) based on the results of a 
univariate ANOVA. The number of symptomatic plants for most cultivars was between 3.5 and 4 
(Figure 4.16) except cv. PBR Redvale, which had a mean foci count of 6 plants per plot. The 
relationship between the total pod yield and total count of disease foci was similar to the results of 
2013, however the decrease in yield in response to higher numbers of disease foci was not as large 
(Figure 4.17).  
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Figure 4.15. Total harvested pods (kg/ha) for each cultivar planted in the 2016 field trial. Bars = 
standard error. 
 
Figure 4.16. The mean number of disease foci of Neocosmospora root rot that was counted for each 
cultivar plot in 2016. Bars = standard error. 
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Figure 4.17. The relationship between mean pod yield and the number of disease foci per plot in the 
2016 study. 
4.3.5 Experiment 4 - Neocosmospora root rot ‘hotspots’ in the field 
All peanut plants exhibiting typical Neocosmospora root rot symptoms collected from the suspected 
disease ‘hotspots’ had a blackened root system with a partially decayed taproot, with some plants 
having orange perithecia of N. vasinfecta var. africana present along the length of the taproot (Figure 
4.15). N. vasinfecta var. africana was isolated from the vascular tissue of the taproot of more than 
70% of the symptomatic plants sampled from each of the 4 hotspots (Figure 4.18). In contrast, plants 
collected from the margin of the disease hotspots were asymptomatic aboveground with little damage 
to the root system (Figure 4.18). Figure 4.16 indicates that up to 25% of the non-symptomatic plants 
sampled from each hotspot had N. vasinfecta var. africana isolated from the vascular tissue of the 
taproot of the plant therefore may have been in the early stages of infection or colonisation by the 
fungus. Only 5% of the apparently healthy plants collected had N. vasinfecta var. africana isolated 
from the root system (Figure 4.19), however there was evidence of minor damage to the root tip which 
may indicate the commencement of fungal infection. There was no evidence of Neocosmospora root 
rot colonisation of the remaining healthy plants (Figure 4.18) and the fungus was not isolated from 
the vascular tissue of the taproot or the crown.       
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Figure 4.18. A) The blackened and decayed roots of peanut plants collected from suspected 
Neocosmospora root rot disease 'hotspots'; B) the roots of peanut plants collected from the margin 
A 
B 
C 
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of disease 'hotspots' with minimal evidence of N. vasinfecta var. africana infection; C) the roots of 
healthy peanut plants collected for potential isolation of N. vasinfecta var. africana.  
 
Figure 4.19. The mean percentage of symptomatic, asymptomatic and healthy plants that N. 
vasinfecta var. africana was isolated from the taproot of plants sampled from 4 hotspots. The 
symptomatic group consisted of plants that exhibited symptoms and signs of infection within the 
hotspot, the non-symptomatic group were plants that did not exhibit any symptoms of 
Neocosmospora root rot but were within the hotspot and the healthy group were plants taken from 
areas >40m away from the hotspots and that did not exhibit any symptoms of disease infection. 
Bars = standard error. 
4.3.6 Experiment 5 - Relationship between Neocosmospora root rot and peanut Tospovirus  
Redvale Research Station 
The virus symptoms exhibited by the 10 plants sampled from the Redvale Research Station in 
Kingaroy for analysis were consistent with Capsicum Chlorosis Virus (CaCV). The symptoms 
included mottling of the leaf surface, shortened internodes, stunted plant growth and affected terminal 
growing points. Seven of the 10 plants collected had obvious symptoms of soilborne disease infection, 
including decay of the distal tissue of the main taproot (Figure 4.20). Perithecia of N. vasinfecta var. 
africana found on the roots of four of the seven plants (Figure 4.20) and N. vasinfecta var. africana 
was isolated from the vascular tissue of the taproot of all seven plants after two weeks of incubating 
the Petri dishes containing root tissue suspected to be infected with both Tospovirus and N. vasinfecta 
var. africana. The fungus was not isolated from three of the plants, and no typical symptoms of 
0
10
20
30
40
50
60
70
80
90
100
1 2 3 4
P
e
rc
e
n
ta
ge
 o
f 
p
la
n
ts
 (
%
)
Symptomatic Non-symptomatic Healthy
77 
 
infection by Neocosmospora root rot were present. This observation of both N. vasinfecta var. 
Africana and a Tospovirus present in 70% of plants tested indicates the disease is able to infect the 
plant alongside a virus however it is still unclear which pathogen infected the plants first.   
 
 
 
Figure 4.20. Plants collected from Redvale Research Station, Kingaroy exhibiting symptoms of 
both virus and soilborne disease infection. A) a plant with symptoms of virus infection of leaves 
and decay of the taproots; B) perithecia found on the taproot of one plant; C) varied symptoms 
among the 10 plants collected. 
Central Queensland 
The plants in the virus treatment group were sampled if they expressed symptoms typical of virus 
infection such as mottling or patterns on the leaf surface, stunted growth, shortened internodes, 
chlorosis or miniaturised growth of all plant parts. The soilborne disease (SBD) treatment group 
included plants exhibiting symptoms of soilborne disease infection such as wilting, chlorosis, necrosis 
of main or lateral branches and damage to the root system. Root damage from fungal infection was 
apparent for all of the samples taken from the SBD treatment group (Figure 4.21). Perithecia of 
Neocosmospora vasinfecta var. africana was observed, and then isolated, from the roots of 95% of 
these samples. In contrast, perithecia of N. vasinfecta var. africana was only observed on the roots of 
about 10% of samples from the virus group and the N. vasinfecta var. africana was only isolated from 
these samples.  
A B 
C 
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Figure 4.21. The roots of plants collected from the 'SBD' treatment group. 
In the ELISA testing of the leaf samples for the virus and SBD treatment groups, no samples reacted 
with the Tomato Spotted Wilt Virus antiserum, however 55% of the virus group samples reacted 
strongly with the Tobacco Streak Virus antiserum (Figure 4.22). Detection of TSV is determined by 
a minimum optical density (OD) absorbance of 0.018 at 410µm. Virus was detected at more than 8 
times this threshold for all positive samples.. TSWV was not detected, however TSV was also present 
in the roots of 70% of the virus group samples and in 80% of the SBD group root samples (Figure 
4.22) indicating the virus may be present in the root tissue even when plants are asymptomatic.  
79 
 
 
Figure 4.22. Detection levels of Tobacco Streak Virus in peanut leaves and roots for ‘Virus’ and 
‘SBD’ groups through ELISA analysis. Optical density (OD) absorbance value at 410nm. 
. The results of a 2-sample t-test comparison of means indicate there was a significant difference 
between the mean OD absorbance values for treatment groups, with levels of TSV infection 
significantly higher in the Virus treatment group (P≤0.001). There was a significant difference 
between the level of TSV detected in the leaves and roots of the SBD treatment (P= 0.011) however 
the difference between the level of TSV in the roots and leaves for the virus treatment was not 
significant (P= 0.448) indicating the virus had affected the whole plant. 
 
4.4 Discussion  
Neocosmospora vasinfecta var. africana is likely endemic in most peanut growing soils in 
Queensland and northern New South Wales. Historically the fungus has been isolated from all peanut 
growing areas including the Atherton Tablelands in north Queensland and Brisbane Valley region of 
south east Queensland along with reports of N. vasinfecta var. africana isolated from other host plants 
and the soil in the Northern Territory and South Australia (Plant Health Australia 2001) which has 
been confirmed with the work conducted within this chapter. Despite the apparent prevalence of the 
fungus in the soil, no severe outbreaks of Neocosmospora root rot were recorded in the years 2013 to 
2016, particularly in areas where the pathogen was found to have previously caused major crop 
damage, such as Codenwarra Station in the Emerald region in 2007/2008 and 2011/2012.  It is 
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common for the abundance and spatial distribution of fungal communities to vary within the soil in 
response to the presence of a host or non-host plant as well as variations to the habitat environment 
such as pH or organic matter (Song et al. 2015) along with soil nutrient concentration, available N 
and P, salinity levels and soil temperature (Tao et al. 2015). Hao et al. (2017)  found that the 
abundance of fungi, both pathogenic and non-pathogenic fungi varied between peanut cultivars and 
sampling sites, likely as a result of this variation in habitat environment. It is possible that the soil 
nutrient composition, pH, irrigation type and potentially rotation crop type impacts the abundance of 
N. vasinfecta var. africana in the soil thence influencing the rate of infection by the pathogen from 
year to year. 
Furthermore, investigations into the overall crop damage in Emerald and Taabinga Research Station 
during the period 2013 to 2016 determined that while the fungus was present in certain situations 
such as where mechanical damage to plants from irrigator wheels or herbicide damage had occurred, 
the distribution of these plants was relatively concentrated and not widespread throughout the crop. 
It is likely the soil habitat environment and subsequent stress on the plant as a result of injury increases 
the ability for the pathogen to enter the plant via wounds (Samac et al. 2013). The transfer of the 
disease from plant-to-plant was also slow, or did not occur at all, with measurements of disease radius 
unable to be determine due to limited apparent spread of the disease. The rate at which the disease is 
able to spread through a peanut crop is therefore still unknown. The disease hotspots identified in the 
peanut crop at Wooroolin indicate the disease may originate from a group of infected plants given N. 
vasinfecta var. africana was isolated from several non-symptomatic plants at the margin of the 
infected area. Due to the plants within the hotspot exhibiting typical symptoms of Neocosmospora 
root rot close to harvest maturity, monitoring of the radius of the hotspots was not possible before 
harvest commenced. From the fungal isolations carried out on the healthy peanut plants that were not 
associated with the hotspots, it’s feasible to conclude that while N. vasinfecta var. africana is likely 
to be endemic in the soil the fungus may not readily colonise host plants as an endophyte in the field. 
Neocosmospora vasinfecta var. africana was not isolated from apparently healthy peanut root or 
crown tissue and there was no sign of early infection by the fungus such as wilting of the main stem, 
therefore N. vasinfecta var. africana may only colonise host plants when soil inoculum levels are 
high, or in response to an environmental trigger which may also determine the severity and spread of 
infection. 
From the results of the field trials in 2013 and 2016, there appears to be no potential tolerance of 
certain peanut cultivars to Neocosmospora root rot. In 2013, the cultivars D281-p36-236A (later 
released as PBR Kairi) and Page performed well in comparison with the other cultivars with pod 
yields of around 7000kg/ha. These cultivars also had relatively low incidence of disease in the plots. 
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In 2016, the two standout cultivars for pod yield were PBR Comet and Page which was also reflected 
in lower disease scores. While the difference in pod yield was only significant for the year 2016, there 
is still the potential for some of the cultivars used in the field trial of 2013 to exhibit some tolerance 
to the disease. The damage to the trial by birds and a difference in harvest protocol between the two 
trials which may account for some yield variation therefore further field trials should be conducted to 
conclusively determine resistant genotypes within the Australian Peanut Genetic Improvement 
Program.  Given the results of experiment 5 which found peanut Tospovirus present alongside N. 
vasinfecta var. africana, it is also possible that the cultivar differences are related to virus tolerance 
and the apparent tolerance, to Neocosmospora root rot of some cultivars may be an indirect result of 
this. 
It has been hypothesised that N. vasinfecta var. africana is a secondary pathogen, or even a 
saprophyte, and therefore only invades the host plant after it has been compromised by another fungal 
pathogen or virus. In the USA, N. vasinfecta var. africana is observed to be a saprophyte or possibly 
a weak pathogen in conjunction with other root and pod diseases such as white mould (Sclerotium 
rolfsii), root-knot nematodes, or a peanut Tospovirus such as Tomato Spotted Wilt Virus. These 
observations of N. vasinfecta var. africana and other diseases are thought to be more opportunistic 
relationships rather than a relationship such as that observed between Olpidium brassicae and 
Tobacco necrosis virus where O. brassicae acts as a vector for the virus. Synergistic relationships 
between plant pathogens are often referred to as ‘complexes’ and involve a wide range of microbial 
interactions, primarily fungi-fungi, bacteria-bacteria or virus-virus interactions with mixed 
interactions less common (Lamichhane & Venturi 2015). This phenomenon has not however been 
reported in Australia. The presence of Tobacco Streak Virus in the roots of plants confirmed to be 
infected with N. vasinfecta var. africana in this study indicates there is however potential for the 
fungus to be present in conjunction with a virus or another disease in Australia. The high proportion 
of N. vasinfecta var. africana and TSV co-infected roots questions if the fungus is an opportunistic 
pathogen that colonises the plant post virus infection, or if the plant is more susceptible to virus 
infection following damage to the root system by N. vasinfecta var. africana. The ELISA results 
found that 70% of the plants exhibiting typical virus symptoms are infected with TSV, with only 10% 
of these plants infected by N. vasinfecta var. africana as well. No virus was detected in the leaves of 
the plants from the SBD treatment therefore it is difficult to determine whether the virus or N. 
vasinfecta var. africana is the primary pathogen where both are present. Further analysis of samples 
infected with N. vasinfecta var. africana from a range of growing areas would be required to 
determine if a Tospovirus or another pathogen is present in conjunction with N. vasinfecta var. 
africana.  
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4.5 Conclusion 
Neocosmospora root rot has been reported in all peanut growing areas in Queensland and northern 
New South Wales and many other areas in Australia therefore the fungus is endemic in Australian 
soils at varying levels. During the period 2013-2016 the disease had only minor impact on peanut 
crops in areas that had previously experienced devastating yield losses, therefore indicating the 
fungus may require an environmental stress or event to trigger a severe outbreak of the disease. 
Outbreaks are likely originate from hotspots of the disease in areas where inoculum of N. vasinfecta 
var. africana in the soil is high, and the disease has the potential to rapidly spread between plants 
when conditions for infection are ideal. Fungal isolations from root tissue indicate it is unlikely that 
N. vasinfecta var. africana is present as an endophyte in the roots of peanut plants in the field as an 
endophyte before a pathogenic mode is triggered by an abiotic event (e.g. waterlogged soil and high 
temperatures). It is also possible that the fungus may colonise the host plant in conjunction with a 
virus or another soilborne disease infection, leading to extensive crop losses. Based on the results 
presented in this chapter, further work could be conducted to investigate the relationship between N. 
vasinfecta var. africana and other Tospovirus, and to determine potential interactions. It is quite likely 
N. vasinfecta var. africana is an opportunistic pathogen, and may have the capability to initially 
commence a saprophytic lifestyle until environmental or biotic conditions become favourable to 
trigger a pathogenic mode.
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5 CHAPTER 5 
Pathogenicity of Neocosmospora vasinfecta var. africana to peanut in Australia under 
glasshouse and controlled environment conditions. 
5.1 Introduction 
The peanut, like many plant species, is susceptible to various fungal pathogens that cause seedling, 
foliar, stem and root or kernel and pod. While foliar diseases such as early or late leaf spots 
(Cercospora arachidicola and Cercosporidium personatum) and rust (Puccinia arachidis) are the 
most widespread pathogen for peanut production (Stalker 1997), soilborne disease also cause serious 
yield losses in most global peanut growing areas. Peanuts are susceptible to several soilborne diseases 
including Cylindrocladium Black Rot (Cylindrocladium parasiticum), White Mould (Sclerotium 
rolfsii), Stem Rot (Rhizoctonia solani) and Neocosmospora root rot (Neocosmospora vasinfecta var. 
africana) (Baard & van Wyk 1985; Baird et al. 1993; Okabe & Matsumoto 2000; Branch & 
Brenneman 2003; Fuhlbohm et al. 2007).  
Neocosmospora root rot is an emerging root disease of peanut plants in Australia. In 2007, Fuhlbohm 
et al. (2007) reported severe root rot and premature plant death of peanut plants in an irrigated crop 
in Ban Springs, with up to 40% of a five hectare crop affected by the disease. The fungus has also 
been reported as the causal pathogen of root disease of peanut in South Africa (Baard & van Wyk 
1985), Taiwan (Huang et al. 1992), Vietnam (Dau et al. 2010) and China (Pan et al. 2010; Sun et al. 
2011a) causing major crop losses. In Australia, chlorosis and wilting of the foliage were observed 
along with the characteristic reddish-orange perithecia of N. vasinfecta var. africana on the decayed 
tap roots which are often covered with them from the crown to the distal tip of the taproot. Necrotic 
tissue and extensive lesions are common symptoms also of TSWV and white mould infection, 
however N. vasinfecta var. africana has not been widely reported as a pathogen of peanuts. 
Over the last 40 years, there have been sporadic reports of N. vasinfecta var. africana being isolated 
from plants other than peanut (Cynodon dactylon, Centrosema pascuorum, Glycine max, Cicer 
arietinum and Medicago sativa) and soil in Australia (Plant Health Australia 2001). Neocosmospora 
vasinfecta var. africana was identified as the causal pathogen of root rot in peanut in Queensland 
(Fuhlbohm et al. 2007) and New South Wales in 2005, however pathogenicity was never confirmed 
(Plant Health Australia 2001). Neocosmospora vasinfecta is also routinely observed on the roots of 
peanut plants after they have been pulled and wind-rowed in Georgia, USA. It differs from the 
Australian fungus in that there it is generally considered a saprophyte and only present when plants 
have first been infected by Tomato Spotted Wilt Virus (TSWV) or white mould (Sclerotium rolfsii). 
During a visit to the University of Georgia, Tifton Campus, USA, the saprophytic behaviour of the 
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fungus was observed in peanut breeding, fungicide and disease evaluation trials on the research farms 
Black Shank and Lang Farm and in peanut fields across the state.  
Neocosmospora vasinfecta has also been reported to cause stem rot of soybean in the United States 
of America (Gray et al. 1980; Greer et al. 2015) and China (Gai et al. 2011b) as a root rot of chickpea 
in Pakistan (Ali et al. 2011) and as a pathogen of soybean and chickpea in Australia, however Koch’s 
postulates were also not fulfilled (Plant Health Australia 2001). Much of the research conducted has 
been based on pathogen identification and pathogenicity testing, therefore Neocosmospora root rot 
has not been explored in detail. Cheng and Schenck (1978a) studied the survival of N. vasinfecta in 
the soil, however their study did not determine the infectivity of the organism to susceptible hosts.  
The specific objectives of this thesis chapter were to a) investigate the pathogenicity of N. vasinfecta 
var. africana on peanut in Australia and, b) to develop a reliable and accurate method of inoculation 
to support phenotypic screening of peanut germplasm for resistance to N. vasinfecta var. africana. 
Controlled environment experiments determined the most successful method and amount of inoculum 
required to reliably produce symptoms of N. vasinfecta var. africana infection and fulfil Koch’s 
postulates.  
5.2 Materials and Methods 
5.2.1 Collection, isolation and identification of N. vasinfecta var. africana as a pathogen of 
peanut in Australia. 
5.2.1.1 Collection and isolation of N. vasinfecta var. africana from peanut crops in Queensland 
Samples were collected from various sites outlined in Error! Reference source not found. of C
hapter 4, in the Emerald region of central Queensland, South Burnett Region, Bundaberg area and 
Brisbane Valley. Plants were sampled only if they exhibited typical symptoms of soilborne disease 
such as stunted plant growth, wilting, chlorosis and in some cases, recent plant death. A total of 85 
isolates were obtained from the roots and crowns of approximately 897 plants of various peanut 
cultivars from commercial crops and field trials during the growing seasons from 2013 to 2016. The 
fungus was isolated by removing the main taproot from the plant and cutting it into sections from the 
edge of the lesion or decayed root tissue (Figure 5.1). Root tissue was surface sterilised in a 2% 
NaOCl solution for 30 seconds before dipping into a 90% ethanol solution for a further 30 s, rinsing 
in sterile water and drying on sterile paper towel. Pieces of root tissue were placed onto the surface 
of half-strength potato dextrose agar (½PDA, composition outlined in Appendix 1) supplemented 
with 0.01% streptomycin sulfate in 9-cm-diameter Petri dishes and incubated at 25°C until sufficient 
colony growth occurred for identification (usually 10-14 days) (Figure 5.1). Potential colonies of N. 
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vasinfecta var. africana were sub-cultured onto fresh  ½PDA plates, incubated for a further 14 days, 
and uncontaminated cultures identified as N. vasinfecta var. africana were stored at 22°C (±2°C). 
 
  
Figure 5.1. A) A peanut taproot covered in the reddish-orange perithecia of N. vasinfecta var. 
africana indicating infection by Neocosmospora root rot. B) An isolate of N. vasinfecta var. 
africana growing on ½PDA. 
5.2.1.2 Pathogen Identification 
N. vasinfecta var. africana was putatively identified on the roots of infected peanut plants in the field 
by the presence of small, pale orange-red or salmon coloured perithecia on the necrotic regions of the 
taproot and remaining lateral root system. In vitro, the fungus was identified by orange-red perithecia 
that developed readily in the white, fluffy mycelium of colonies, the perithecia containing cylindrical 
asci in which eight uniseriately arranged, globose to ellipsoid ascospores developed. The morphology 
of the fungus was identical to that of N. vasinfecta var. africana (Cannon & Hawksworth 1984). 
5.2.2 Development of an ascospore methodology for infection 
Seed source 
Peanut seed for all experiments was sourced from Dr Graeme Wright, peanut breeder from the 
Australian Peanut Genetic Improvement Program, Kingaroy, Queensland and were selected from 
pure pedigree seed batches grown between 2012 and 2015. The cultivars used in the experiments are 
listed in the following section. Each seed was inspected for any physical blemishes or deformities 
that might indicate existing fungal infection. All seed was surface sterilised in a 2% NaOCl solution 
for five minutes and rinsed three times in sterile deionised water. The seeds were then placed on paper 
A B 
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towel lined trays, and dried in an oven at 50°C for 2 h then placed on the surface of 1.5% water agar 
in Petri dishes and incubated at 26°C for 72 h. Seed with a radicle protruding at least half the length 
of the seed and free of fungal colonisation was selected for use in experiments.  
Ascospore suspension preparation 
The ascospore and hyphal suspensions used in the experiments in this chapter were prepared using 2 
- 4 week old colonies of N. vasinfecta var. africana actively growing on ½PDAS with ascospores 
oozing a cirrus of asci and ascospores from the perithecial ostioles. The suspension was prepared by 
flooding the Petri dishes containing N. vasinfecta var. africana isolate EM1 with 10ml of sterile 
deionised water and scraping the dislodged perithecia and mycelium using a sterile scalpel or sterile 
spreader bar into a 500ml Schott™ bottle containing sterile deionised water. The suspension was then 
comminuted for two minutes in a Waring blender and the ascospore concentration quantified using a 
haemocytometer. 
5.2.2.1 Experiment 1 – Non-injurious inoculation of roots with an ascospore suspension 
This study was conducted to determine an appropriate ascospore dosage range for successful 
inoculation of peanuts.  The outcomes were intended to provide the basis for further experiments to 
investigate the soil inoculum level required for disease outbreaks in the field. Eighteen 150mm 
diameter black plastic pots were filled with pasteurised potting mix (composition outlined in 
Appendix 2) and two 50ml plastic centrifuge tubes were pushed into the mix (Figure 5.2A). Two 
peanut seeds (cv. PBR Holt) germinated using the method in the section “Seed Source”, 5.2.2 were 
planted between the tubes in each pot and before being thinned to one seedling 7 days after 
establishment.  Seedlings were maintained in the glasshouse at 21-28°C and watered as required until 
30 days after planting (DAP) (Figure 5.2B). At 30 DAP an ascospore suspension was prepared using 
the method outlined in section 5.2.2. The initial ascospore concentration of the stock suspension was 
determined using a haemocytometer and the suspension diluted to  concentrations of 3x105, 2.2x105, 
1.5x105, 7.5x104, and 3.3x104 ascospores/ml and a similar volume of sterile distilled water was 
included for the control treatment. At 30DAP the centrifuge tubes were removed from the media 
leaving a well in the soil (Figure 5.2C) to allow introduction of the spore suspension (100ml) without 
disturbing the roots. The plants were maintained in the glasshouse at 21-30°C for a further 30 days 
and monitored for symptoms of Neocosmospora root rot (Figure 5.2D). 
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Figure 5.2. A) Pots at planting time with centrifuge tubes in position; B) Peanut plants at 30DAP 
ready for inoculation with N. vasinfecta var. africana; C) Wells left in the potting mix after the 
centrifuge tubes are removed to allow for direct inoculation of the roots; D) Peanut plants 14 days 
after inoculation with N. vasinfecta var. africana. 
5.2.2.2 Experiment 2 – Preliminary evaluation of a root dipping inoculation method 
This preliminary study was conducted to assess the suitability of a root dipping inoculation technique 
as a potential rapid phenotypic screening technique for the evaluation of resistance of seedlings of 
peanut germplasm to N. vasinfecta var. africana.  The root dipping method was based on the 
technique used for successful inoculation of peanut seedlings by Fuhlbohm et al. (2007) with N. 
vasinfecta var. africana; a technique that had been adapted from the one used by Dhingra (1995). The 
aim of this experiment was to determine the optimum length of exposure to the fungus to induce 
infection in peanut seedlings under controlled conditions.  
Thirty 150-mm-diameter black plastic pots were filled with a pasteurised 2:1 mixture of field soil (a 
red ferrosol sourced from the Redvale Research Station, Kingaroy, Qld) and river sand and the mix 
watered to field capacity. Two peanut seeds (cv. PBR Holt) prepared as per the method outlined in 
section 5.2.2 were planted in each pot and maintained within a glasshouse at 21-30°C for two weeks. 
Each pot was thinned to one seedling per pot, fertilised with a water soluble fertiliser (Thrive, Yates 
B A 
C D 
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Australia) and maintained for another two weeks until 30DAP. Thirty seedlings were selected on the 
basis of similar plant vigour and growth, with each seedling being free from obvious disease 
symptoms or insect pests.  The seedlings were carefully removed from the media and the root systems 
rinsed thoroughly in rain water. Ten seedlings were allocated to the uninoculated control group and 
the remaining twenty seedlings were allocated to an inoculation treatment using an ascospore 
suspension (method outlined in section 5.2.2) with a concentration of 2.2x105 ascospores/ml. The 
treatments applied to each group are outlined in Error! Reference source not found..  
Table 5.1. Experimental treatments for the peanut seedlings. 
Treatment Description 
A 60 sec exposure to ascospore solution 
B 30 sec exposure to ascospore solution 
C 60 sec immersion in sterile water 
D 30 sec immersion in sterile water 
 
The roots of seedlings in each treatment were then rinsed for 30 seconds under running tap water and 
dried on sterile paper towel at ambient room temperature for 30 min before the seedlings were re-
planted into 2:1 pasteurised sand-soil mixture in 150-mm diameter pots. All of the transplanted 
seedlings were grown in a glasshouse at 21-30°C for a further 60 days after inoculation (DAI) and 
watered as required. Seedlings were monitored weekly for disease symptoms such as wilting, 
chlorosis or plant death. A final assessment of plant health was conducted at 60DAI when the plants 
were removed from the pots and the root systems thoroughly rinsed to remove any sand and soil. The 
plants were evaluated using a qualitative disease rating scale outlined in Appendix 4.  
5.2.2.3 Experiment 3 – Root-dip inoculation dose-response study 
This experiment was designed to determine the most effective level of inoculum to initiate root 
infection by the N. vasinfecta var. africana. Twenty five (25) peanut seedlings (cv. PBR Holt) 
prepared as per section 5.2.2 were grown in a pasteurised 2:1 mixture of field soil (a red ferrosol) and 
sand. After 30 days, seedlings to be used in the experiment were selected based on good plant health 
and uniform seedling size. The isolates used for this experiment (EM1 and K4271) were grown on 
full strength potato dextrose agar supplemented with 0.01% streptomycin sulphate (PDAS). After 17 
days incubation in darkness at 25°C, the plates were flooded with sterile deionised water and the 
mycelium and perithecia scraped into a Schott bottle containing 250ml of sterile deionised water. The 
initial ascospore concentration was quantified by haemocytometer and diluted with sterile deionised 
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water to concentrations 5x104, 2x105, 3.5x105, and 5x105. A control treatment of sterile deionised 
water was included.  
The seedlings were removed from the potting mix 30DAP, the roots thoroughly rinsed and submersed 
in the ascospore/mycelium suspension according to the assigned treatment for 2 h, and then re-planted 
back into fresh pasteurised 2:1 soil and sand mix and watered to field capacity. The experimental 
design included five replications of each treatment, with each treatment randomised within a block 
on the glasshouse bench. The plants were maintained under glasshouse conditions at 21-30°C and 
watered as required every 1-2 days until 60DAI. At 60DAI, the seedlings were carefully removed 
from the soil and the root system thoroughly rinsed. The root system was qualitatively assessed using 
the 1-5 disease rating scale outlined in Appendix 4.   
5.2.2.4 Experiment 4 – Root-dip inoculation dose by exposure time response study  
The aim of this study was to investigate the interaction between ascospore concentration and the time 
of exposure of peanut roots to ascospore suspensions on the incidence and severity of N. vasinfecta 
var. africana infection. The 30 day-old peanut seedlings used for this experiment were selected from 
a batch of fifty seedlings (cv. PBR Holt) grown in 150mm black plastic pots in pasteurised potting 
mix (composition outlined in Appendix 2) under glasshouse conditions. The seedlings were selected 
based on visual assessment of being free of disease and insect infestations, good plant vigour and 
uniform size. The ascospore suspension was prepared in 3000ml flasks (outlined in section 5.2.2) 
using the isolate EM1 and the concentrations was adjusted to 3x105 (high), 1.5x105 (medium) and 
4x104 (low) ascospores per ml with the aid of a haemocytometer. The ‘medium’ concentration was 
based on the study conducted by Fuhlbohm et al. (2007) who found that 2x105 ascospores/ml resulted 
in good infection using a root dipping technique. A control treatment in which seedling roots were 
immersed in sterile deionised water was also included. For each ascospore concentration, the roots of 
the seedlings were submersed in the relevant ascospore suspension for either 1, 2, 6 or 24 h. After the 
assigned time period, the seedlings were removed from the suspension and drained on paper towel 
for 45 min before transplanting into pasteurised potting mix. The seedlings were maintained for a 
further 30 d at 21-30°C and watered to field capacity as required.  The plants were monitored weekly 
for wilting and chlorosis. At 60DAI, the plants were carefully removed from the potting mix and 
thoroughly rinsed under running tap water. Each seedling was assessed for signs of infection such as 
lesions on the tap roots and lateral roots or perithecia present on decayed tissue using the disease 
rating scale of 1-5 outlined in Appendix 4.  
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5.2.2.5 Experiment 5 – Soil drench inoculation – interaction with soil moisture 
 The objective of this experiment was to determine if alternating periods of waterlogged and dry soil 
conditions may induce root infection by N. vasinfecta var. africana. An experiment was designed 
using 30 day old seedlings (cv. PBR Holt), prepared as per section 5.2.2 and planted in pasteurised 
potting mix (composition in Appendix 2) in 150mm black plastic pots. Twenty (20) seedlings were 
allocated to an inoculated treatment group and five were uninoculated. The 20 inoculated plants were 
placed into a large watering tray filled with water until the plants were waterlogged. The five control 
plants were similarly placed into a separate watering tray. After three days the pots were removed 
from the trays and allowed to dry until the plants reached a point when all leaves began to visibly 
wilt. Each seedling in the inoculation treatment was inoculated by drenching the soil around the plant 
with 50ml of a suspension (prepared as per section 5.2.2) containing an equal mixture of the N. 
vasinfecta var. africana isolates EM1, K4296, K4300 and K4294 on three consecutive days. The 
control plants were drenched with sterile deionised water over the same time period. The ascospore 
suspensions were quantified with a haemocytometer and ranged from 1.4x105 to 3.4x105. 
After inoculation, the plants were placed back under waterlogged conditions for a further 3 d then 
removed and allowed again to reach wilting point (approximately 5 d). This wet-dry cycle was 
maintained for six weeks and plants observed for any symptoms such as wilting or chlorosis. At the 
conclusion of this experiment, the plants were removed and the root system thoroughly rinsed and 
inspected for N. vasinfecta var. africana infection. 
5.2.2.6 Experiment 6 – Cone-tainer® emergent root inoculation  
This experiment was conducted to determine if infection of peanut plants by N. vasinfecta var. 
africana and subsequent symptom expression could occur after direct contact with an ascospore 
suspension without root disturbance. The cultivar ‘PBR Tingoora’ was used for this experiment due 
to poor germination of cv. PBR Holt seed. Field observations indicate that the cvv. PBR Tingoora 
and PBR Holt have similar levels of susceptibility to N. vasinfecta var. africana. Seeds of cv. PBR 
Tingoora were surface sterilised in accordance with the method outlined in Section 5.2.2. The 
germinated seed was planted into individual plastic Cone-tainer® cells filled with pasteurised potting 
mix (Appendix 2) and placed into the Cone-tainer® rack.  The plants were watered as required by 
placing the rack into a watering tray so the soil was moist until the seedlings reached 30DAP when 
the roots emerged from the base of the Cone-tainer® cell (Figure 5.3). Each seedling was carefully 
inspected for symptoms and signs of crown rot (caused by Aspergillus niger) and immediately 
discarded if found to be infected.  
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Figure 5.3. Seedlings growing in the Cone-tainer® cells within the designated racks. 
The seedlings were individually inoculated with a suspension containing hyphae and ascospores 
scraped from 3-week-old actively growing colonies of the N. vasinfecta var. africana of isolates EM1, 
K4297, K4295 and K4296 cultured on PDAS. Three plates of each isolate were scraped into sterile 
deionised water and macerated for 2 min on high speed (23000 rpm) using a Waring® laboratory 
blender. The suspension was not quantified using a haemocytometer due to the large amounts of 
mycelium in the suspension. The fungal suspension (50ml) was dispensed into 100ml specimen jars 
which were then placed under the base of a Cone-tainer® cell in direct contact with the seedling roots 
(Figure 5.4). The specimen jars were kept in place until no fungal suspension was left and then the 
plants were watered (every 1-3 days) at first signs of water stress. The plants were monitored daily 
for typical Neocosmospora root rot symptoms such as persistent wilting and chlorosis. At 45DAI, the 
plants were removed from the Cone-tainer® cells and sections of root tissue were surface sterilised 
using a 1% NaOCl solution for two minutes, then four sections were placed each onto a ½PDAS plate 
and incubated at 25°C to determine if N. vasinfecta var. africana was present within the vascular 
tissue of the roots.  
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Figure 5.4. The specimen containers with the ascospore suspension placed below the Cone-tainer® 
cells in contact with peanut roots as a method for inoculation without disturbing the root system. 
Other inoculation methods 
5.2.2.7 Experiment 7 - Comparison of root dipping with root injury as inoculation methods 
At the conclusion of the root dipping experiments outlined in the previous sections, it was 
hypothesised that an injury to the main tap root may be required to initiate infection by N. vasinfecta 
var. africana. Seed for this experiment was prepared as per section 5.2.2. Fourteen 45-day-old peanut 
plants (cv. PBR Holt) were carefully removed from pasteurised soil in 150mm black plastic pots 
(Appendix 2) and thoroughly rinsed under running tap water to remove all potting mix and debris 
from the root system.  The taproots of seven plants was severed just below the crown with secateurs 
and the root system of the other seven plants were left intact. The root system of five plants with root 
damage and five plants without root damage was submerged for 2 h in a suspension of 1.8x105 
ascospores/ml prepared as per the method outlined in section 5.2.2 using four week old cultures of 
the isolate K4298. The remaining two plants with root damage and two intact plants were placed in 
sterile deionised water for two hours. After 2 h the plants were removed from the ascospore 
suspension and transplanted into sterile vermiculite, watered to field capacity and fertilised with 
Thrive™ Soluble All Purpose Plant food (Yates). At 60DAI the plants were removed from the 
vermiculite and the roots washed under running tap water and rated for symptom severity. Sections 
of root tissue from each plant, including control treatments, were surface sterilised using a 1% NaOCl 
suspension for 2 min before being transferred to two plates of ½PDAS and incubated in the dark at 
25°C for 14 d. 
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5.2.2.8 Experiment 8 – Comparison of ascospore suspension with colonised peanut shell as 
inoculation methods 
The aim of this experiment was to evaluate other methods for inoculating peanut plants with N. 
vasinfecta var. africana in the glasshouse while causing minimal disturbance to the root system. This 
work was conducted as part of the development of a reliable and repeatable phenotypic screen for 
commercial Australian peanut cultivars and germplasm within the Australian Genetic Improvement 
Program. Seed for this experiment was surface sterilised as per section 5.2.2. Fifteen 15 disease and 
insect free 30 day old peanut plants (cv. PBR Holt) planted in a pasteurised 2:1 mix of field soil (a 
red ferrosol sourced from PBR Redvale Research Station, Kingaroy) and river sand were used for 
this experiment. Some of the pots had two centrifuge tubes pushed into the soil (Figure 5.5A) for 
removal at time of inoculation. A suspension containing ascospores, mycelia and conidia (2.2x105 
ascospores/ml quantified by haemocytometer) was prepared as per the method outlined in section 
5.2.2. One hundred (100) g of peanut shell was placed in a 3 L conical glass flask and autoclaved for 
60 min over two consecutive days before being inoculated with 200ml of the ascospore suspension 
and thoroughly shaken to mix. The flask was incubated on the laboratory bench for 14 d at 21-24°C 
and shaken every 1-2 days to thoroughly distribute the fungus and ensure even colonisation of the 
peanut kernels (Figure 5.5B). 
 
Figure 5.5. A) Peanut seedlings ready for inoculation with centrifuge tubes pushed into the soil for 
some of the pots; B) Peanut shell inoculated with N. vasinfecta var. africana. 
Five treatments were applied to the 15 peanut plants with three replications for each treatment. 
Treatment A was inoculated using a soil drenching method where 50ml of the fungal suspension was 
poured into the wells created by removing the two centrifuge tubes from the soil. Plants in treatment 
A B 
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B were inoculated by injecting an ascospore suspension (prepared as per Section 5.2.2) into the base 
of the stem below the cotyledonary node using a 21g hypodermic needle until the suspension ran out 
of the wound site. The ascospore suspension prepared for treatments A and B had a concentration of 
2.2x105 ascospores/ml. Plants assigned to treatment C had a 3cm layer (approximately 0.5L) of 
colonised peanut shell mulch placed 2cm below the soil surface with a protective plastic collar made 
from a drinking straw around the stem of the plant to avoid direct contact. Treatment D was drenched 
with 50ml of the ascospore suspension that was directly poured onto the soil surface and treatment E 
comprised three control plants with no treatment applied as a growth comparison. The inoculated 
plants were randomised on a bench in the glasshouse in a block design and maintained at 21-30°C 
and watered as required for 60DAI. 
5.2.2.9 Experiment 9 – Comparison of ascospore solution dip with agar plug inoculation  
Fuhlbohm et al. (2007) successfully used a root dipping technique on 1-week-and 12-week-old peanut 
plants to initiate infection by N. vasinfecta var. africana under glasshouse conditions. Peanut 
seedlings have also been successfully inoculated using an agar plug placed against the plant stem just 
below the soil line (Fuhlbohm et al. 2007; Greer et al. 2015). These techniques were adapted to assess 
the susceptibility of peanut to infection by N. vasinfecta var. africana and to determine which 
inoculation method is most likely to reliably produce symptoms of Neocosmospora root rot. 
Disinfested seed (as per section 5.2.2) of the cultivar PBR Holt was planted into thirty 150-mm-
diameter black plastic pots containing a commercial potting mix (Rocky Point Mulching Pty Ltd). 
The treatments for this experiment are outlined in Table 5.2. The ascospore suspension used for root 
dipping was prepared by excising 7mm colonised agar plugs from three week old cultures of N. 
vasinfecta var. africana (isolate K4312) grown on ½PDA (composition outlined in Appendix 1) 
supplemented with 0.01% streptomycin sulfate and 0.08% rose bengal (Sigma-Aldrich®). Five agar 
plugs were added to 30 individual 250ml glass flasks containing 150ml sterile deionised water. The 
control root dip suspension was comprised of five uncolonised ½PDA plugs which were added to 15 
x 250ml glass flasks containing 150ml of sterile deionised water. The flasks were covered with 
aluminium foil and incubated on the laboratory bench for 7 d. After seven days, each 150ml 
suspension was macerated in a Waring laboratory blender for 2 min. At 30DAP, 15 seedlings were 
removed from their pots and the roots thoroughly rinsed before being placed in either the fungal 
suspension (treatment A) or in the control suspension (treatment AC), one seedling per flask (as seen 
in Figure 5.6A), for 3 h. The 10 remaining seedlings were inoculated by placing a 7-mm-diameter 
agar plug from 3-week-old colonies of N. vasinfecta var. africana (isolate K4312) against the plant 
stem just below the soil line (treatment B, Figure 5.6B). A non-colonised 7-mm-diameter ½PDA plug 
was used to inoculate the remaining 15 seedlings for treatment BC. After 3 h the seedlings from 
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treatment A were removed from the suspension and transplanted back into commercial potting mix 
(Rocky Point Mulching (Pty Ltd) in 150mm black plastic pots and all of the plants randomly arranged 
on the glasshouse bench and maintained at 21-30°C, watering as required.  
Table 5.2. Description of inoculated treatments. 
Treatment  Description 
A Root dip into N. vasinfecta var. africana var. africana suspension 
AC Root dip into clean suspension 
B Agar plug of N. vasinfecta var. africana placed against the stem below soil line 
BC Blank 1/2PDA agar plug placed against the stem below soil line 
 
  
Figure 5.6. A shows the roots of the seedlings submerged in the fungal spore suspension and B shows 
an agar plug being placed against the stem below the soil line. 
At 45DAI, the plants were removed from their pots and the root system thoroughly rinsed with 
running tap water and inspected for signs and symptoms of N. vasinfecta var. africana infection such 
as lesions, decayed tissue or orange-red perithecia. The root system was rated on a 1-5 scale (outlined 
in Appendix 4) and the fresh weight of all plants and the root system were quantified to determine if 
N. vasinfecta var. africana infection had influenced the growth of the plant and the development of 
the root system. 
5.2.3 Development of a seedling bioassay to evaluate pathogenicity of N. vasinfecta var. 
africana var. africana to peanut and alternative hosts under controlled conditions.  
A seedling bioassay was developed to evaluate the pathogenicity of N. vasinfecta var. africana to 
peanut, chickpea and soybean seedlings based on the reports of N. vasinfecta var. africana causing 
A B 
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stem and root rot of all three species (Gray et al. 1980; Fuhlbohm et al. 2007; Ali et al. 2011; Gai et 
al. 2011a; Gai et al. 2011b; Greer et al. 2015).  
5.2.3.1 Experiment 10a - Inoculum preparation 
Sterile millet seed was used as a substrate for growing N. vasinfecta var. africana. The seed was 
rinsed three times in deionised water and soaked for 24 h before rinsing again. A hole was drilled in 
the bottom of 30ml polycarbonate bottles (Labtek) and covered with autoclave tape. The bottles were 
filled with the soaked millet seed until approximately ¾ full and the caps replaced. The bottles were 
placed onto a tray and autoclaved at 121°C and 15 103.4kPa for 1h on three consecutive days. After 
the third day, three 5mm x 5mm squares were removed from actively growing colonies of N. 
vasinfecta var. africana isolates (K56976, K56978 and K42980) and placed into single test bottles 
under sterile conditions. The bottles were gently shaken to disperse the agar squares through the millet 
each day and incubated on the laboratory bench at approximately 23-25°C until the millet seed was 
fully colonised. 
5.2.3.2 Experiment 10b - Seed preparation 
To prepare peanut, chickpea or soybean seed for the bioassay, 100 seeds of each species were surface 
sterilised with a 4% NaOCl solution in 1.5L beaker and agitated gently with a magnetic stirring bar 
for 30 min. The seed was then removed from the NaOCl solution and rinsed 5 times with sterile 
deionised water. The seeds were drained on sterile paper and placed onto 9-cm-diameter Petri dishes 
containing 2% WA and incubated for 2 d at 25°C. Seeds with no fungal or bacterial growth on the 
seed surface or surrounding agar and with radicle protrusion < 50% of the seed length were selected 
for use in the experiment. 
5.2.3.3 Experiment 10c - Preliminary seedling bioassay using chickpea seedlings 
An initial study was conducted to determine if a seedling bioassay method was a viable method for 
screening seedlings for susceptibility to N. vasinfecta var. africana infection. Chickpea was the 
legume species used for the initial experiment rather than peanut due to the smaller seed size and 
confirmation of pathogenicity outlined in Chapter 6. The objective of this pilot study was to determine 
if N. vasinfecta var. africana was able to colonise chickpea seedlings under controlled conditions and 
determine which inoculation method would be the most effective to achieve infection. This study 
would also investigate period of exposure to the fungus required for infection of the roots of the plant 
or if N. vasinfecta var. africana is able to colonise seeds and inhibit germination. 
Vermiculite was autoclaved at 121°C and 15 103.4kPa for one hour on three consecutive days in 
30ml polycarbonate containers while the test seed was germinating on 2% WA (composition outlined 
in Appendix 3). Plastic 1.5L containers (Decor®) were used to hold the test bottles with a mesh insert 
in the bottom of the container to facilitate drainage. After the third autoclave cycle, the vermiculite 
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was allowed to cool and colonised millet (section 5.2.4.1) added to the bottle according to the 
treatment assigned. Treatment A had a 1-cm-thick layer of inoculated millet placed on the surface of 
the vermiculite after the test seed was planted. Treatment B had a 1cm-thick-layer of inoculated millet 
mixed through the vermiculite and then the test seed planted just below the surface and treatment C 
had a 1cm-thick-layer of inoculated millet at the bottom of the test container and covered with sterile 
vermiculite before the test seed was planted below the surface. Treatment D had a 1cm-thick-layer of 
sterile, clean millet seed mixed through the test container and the seed planted below the surface of 
the vermiculite. Ten replications were included for each treatment. The autoclave tape was removed 
from the bottom of the bottles which were watered with 10ml of sterile deionised water and placed 
into their assigned plastic container. The containers were placed into the controlled environment 
cabinet on a 16/8 h day-night cycle at 23°C. Measurements for the total number of germinated seeds 
per treatment, number of infected seeds per treatment and the total number of seedling deaths per 
treatment were recorded every seven days until 21 d post inoculation. 
5.2.3.4 Experiment 11 - Seedling bioassay to determine the optimum inoculum level to produce 
infection symptoms on peanut seedlings 
Successful inoculation of germinating chickpea seeds with N. vasinfecta var. africana in the 
preliminary seedling bioassay led to further investigation of the bioassay as a potential method for 
evaluating the pathogenicity of N. vasinfecta var. africana to peanut seedlings. The rates of inoculum 
used in the pilot study (section 5.2.4.4) caused poor germination and death of the chickpea seedlings 
before the root system had fully developed. The purpose of this experiment was to determine the 
optimum level of inoculum required to infect peanut seedlings and produce symptoms of 
Neocosmospora root rot. Three commercial peanut cultivars, PBR Holt, PBR Redvale and PBR 
Fisher, were sourced from Dr Graeme Wright from the APGIP to be used for this experiment.  
Ten seeds of each cultivar were germinated using the method outlined in section 5.2.4.2, however the 
seeds were germinated for 7 d at 25°C rather than 2 d to encourage radicle protrusion that was greater 
than the length of the seed. Five seeds of each cultivar that were free of fungal and bacterial growth 
were selected for the experiment. Due to the larger seed size and root system, 120ml polycarbonate 
UV stabilised bottles (Labtek™) were used rather than the 30ml polycarbonate containers used in the 
initial chickpea bioassay. The test bottles were filled with sterile vermiculite autoclaved at 121°C and 
103.4 kPa for 1 h on three consecutive days. Three treatments were included in the experiment with 
five replications of each treatment. Treatment A was inoculated with 10 millet grains colonised by N. 
vasinfecta var. africana isolate K4296, Treatment B was inoculated with 50 millet grains colonised 
by the same isolate and Treatment C was inoculated with 50 sterile millet grains. The millet seed was 
mixed through the vermiculite in the test bottles and the seedlings were transplanted after 7 d and 
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placed into the controlled environment cabinet for a further 21 d at 23°C on a 16/8 day-night cycle 
with relative humidity at 40-80%. At 21DAI the seedlings were removed from the cabinet and the 
root system rated for infection using the 1-5 scale defined in Appendix 4. 
5.2.3.5 Experiment 12 – A peanut seedling bioassay to determine the minimum amount of 
inoculum required to initiate N. vasinfecta var. africana infection 
Based on the results of experiments 10 and 11 outlined in the above sections, a larger study was 
conducted to investigate the pathogenicity of N. vasinfecta var. africana to 7-21 day old seedlings 
and to determine the minimum amount of inoculum required to initiate infection under controlled 
conditions. The peanut cultivars PBR Holt, PBR Redvale and PBR Fisher were included in the study. 
Forty seeds of each cultivar were prepared as per section 5.2.4.2, however for this experiment the 
seeds were incubated at 25°C for 7 d until the radicle growth exceeded the length of the seed. The 
same method for preparation of the test bottles and vermiculite was also used from experiment 11 
(Section 5.2.4.4). Ten germinated seeds free of fungal or bacterial colonisation of each cultivar were 
selected for the bioassay. The treatments were comprised of 0.5g (treatment A, approximately 20 
seeds) and 1g (treatment B, approximately 40 seeds) of millet seed infested with isolate K4296 which 
was mixed through the test bottles of sterile vermiculite. A control treatment of 1g sterile millet seed 
(treatment C) was also included. The millet seed was mixed through the vermiculite just prior to 
seedling transplant. The purpose of weighing the millet seed rather than counting individual seeds 
was to simplify the previous method in an attempt to standardise the procedure for use on large 
numbers of seedlings.  
Ten replications of each cultivar and inoculum level were used for this experiment. After the seedlings 
were planted into the vermiculite, they were placed into 2L plastic containers (Sistema®) with mesh 
inserts to elevate the bottles off the base of the container and avoid contamination of control bottles. 
The seedlings were placed into the controlled environment cabinet and maintained for 22DAI at 23°C 
on a 16/8 h day-night cycle with 40-80% relative humidity (Figure 5.7). The root system of the 
seedlings were assessed and given a 1-5 rating based on the scale outlined in Appendix 4.   
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Figure 5.7. Peanut seedlings inoculated with 0.5g or 1g of millet seed infested with N. vasinfecta 
var. africana in the controlled environment cabinet. 
5.2.3.6 Experiment 13 - Peanut seedling bioassay at the University of Georgia, USA 
The saprophytic behaviour of N. vasinfecta was observed in field trials on the research farms Black 
Shank and Lang Farm (Figure 5.8A and 5.8B) at the University of Georgia, Tifton Campus, USA and 
in other peanut fields across the state was discussed in Chapter 4. The fungus did not appear to be 
cultivar or locality-specific. The taproot of the plant is often covered in orange-red perithecia from 
the crown to the distal tip of the taproot (Figure 5.8C), with necrotic tissue and extensive lesions 
present which are common symptoms of TSWV and white mould infection however the fungus has 
not been reported as a pathogen of peanuts. The objectives of this experiment were to investigate the 
pathogenicity of field and stored isolates of N. vasinfecta to GA peanut cultivars and to screen peanut 
cultivars developed in the USA for any potential sources of genetic resistance to Neocosmospora root 
rot.   
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Figure 5.8. . A) And B) Dead peanut plants within trial plots at the UGA research farm Black Shank 
and; C) perithecia covering a tap root. 
Fourteen USA peanut cultivars were selected in consultation with Dr Tim Brenneman, UGA plant 
pathologist for this experiment based on their pedigree and genetic diversity. The cultivars used for 
the bioassay included: Tufrunner727, FloRun107, TufRunner511, GA06G, GA11J, GA07W, FL07, 
FL727, Bailey, TifGuard, GA13M, FL397, GA14N and G12-Y. Fifty seeds of each cultivar were 
treated with Dynasty PD fungicide to reduce the risk of seed-borne pathogen infection and placed 
into plastic containers on damp sterile paper at room temperature (approximately 22°C) to germinate 
(Figure 5.9). Vermiculite was sterilised in 30L autoclave bags for 60 min at 121°C and 103.4 kPa 
over two consecutive days. Holes were punched in the bottom of Styrofoam 225ml drinking cups for 
drainage and each filled with sterile vermiculite.  Two-week-old cultures of N. vasinfecta were 
A B 
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selected from three locations: Lang Farm (isolates UGAKW1, UGAKW3, UGAKW4 and 
UGAKW5), Black Shank Farm (UGAKW15, UGAKW18, UGAKW23 and UGAKW31) and the 
UGA culture collection (isolate UGANS201401). Full strength PDA was also used for the control 
treatments. The sterile vermiculite in each cup was inoculated with four agar plugs, one cut from each 
isolate (4 isolates per cup) using a 7-mm-diameter cork-borer and mixed through the vermiculite. The 
germinated seedlings were transplanted singly into the inoculated vermiculite according to the 
treatment x variety assigned and watered to field capacity. The seedlings were placed in the controlled 
environment cabinet according to the position randomly assigned to each 
treatment/block/experimental unit (Figure 5.9). The seedlings were maintained on an 18/6 hour day-
night cycle at 25°C and 75% relative humidity for 28 d and watered as required. The seedlings were 
fertilised with an all-purpose soluble fertiliser (Miracle-Gro™ All-purpose plant food) at 7DAP and 
21DAP. At 28DAI the seedlings were removed from the vermiculite and the roots washed. The root 
system of each experimental unit was rated on a 1-5 scale (as per Appendix 4) and the fresh weight 
of the root system and the crown only of each plant was measured.  
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Figure 5.9. A) Peanut seed being treated with Dynasty PD® prior to germination; B) germinating 
peanut seed; C) planting peanut seed into inoculated vermiculite; D) planting seed into the 
vermiculite in the Styrofoam cups and; F) seedlings placed in the controlled environment cabinet. 
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5.3 Results 
5.3.2 Development of an ascospore methodology for infection 
5.3.2.1 Experiment 1 – Non-injurious inoculation of roots with an ascospore suspension 
Experiment 1 was conducted to assess the viability of inoculation methods for peanut in the 
glasshouse, but did not produce any typical symptoms of infection by N. vasinfecta var. africana, 
such as plant stunting, wilting, chlorosis or plant death. The overall health of the plants was not 
influenced by the inoculation method or the presence of the fungus. The root system and vascular 
tissue of the roots and crown of the plants had no discolouration or lesions present and the fungus 
was not re-isolated from any root tissue, indicating inoculation with N. vasinfecta var. africana using 
this techniques was not successful.  
5.3.2.2 Experiment 2 – Preliminary evaluation of a root dipping inoculation method 
Plants were assessed for symptoms of infection by N. vasinfecta var. africana at 30 and 60DAI. At 
60DAI (Table 5.3), 20% of plants of the inoculated treatments A and B exhibited symptoms of disease 
infection with some chlorosis evident. Ten percent of the control plants from treatment C also 
exhibited chlorosis, therefore infection by the fungus was unable to be confirmed based on the foliar 
symptoms. There was minor discolouration in the vascular tissue for treatments A and B in 40 and 
60% of plants, respectively. N. vasinfecta var. africana was not isolated from root sections plated on 
½PDA. 
Table 5.3. The % of symptomatic plants 60DAI using the root dipping technique 
Treatment 
%  
Chlorotic 
plants 
% Wilted 
plants 
% Plants with 
vascular 
discolouration % Plants Dead 
A (30 s immersion) 20 - 40 - 
B (60 s immersion) 20 - 60 - 
C (30 s control) 10 - 10 - 
D (60 s control) - - - - 
 
5.3.2.3 Experiment 3 – Root-dip inoculation dose-response study 
The inoculum concentration study did not produce any foliar symptoms of infection by N. vasinfecta 
var. africana or root damage in any of the plants. No evidence of fungal growth or colonisation such 
as mycelium or perithecia were present on the roots of any of the treatments. 
104 
 
 
5.3.2.4 Experiment 4 – Root-dip inoculation dose by exposure time response study 
After inoculation and re-planting of treated seedlings, 50% of the plants did not recover from 
suspected transplant shock (Figure 5.10).  The dead plants were left for several weeks to observe if 
N. vasinfecta var. africana was evident in the necrotic tissue, however no perithecia or other 
evidence of colonisation was observed, and the fungus was not isolated from the vascular tissue 
plated on ½ PDA. 
 
Figure 5.10. Death of peanut plants from transplant shock after re-planting seedlings dipped into an 
ascospore suspension (experiment 4).  
5.3.2.5 Experiment 5 – Soil drench inoculation – interaction with soil moisture 
This experiment was initially expected to be completed within four weeks, depending on symptom 
expression, however the observation period was extended to eight weeks due to lack of symptom 
development. All plants were harvested during a dry period and isolations from the tissue of the roots 
and crown of each plant were conducted on ½PDA, however N. vasinfecta var. africana was not 
isolated from any of the plants that received an ascospore suspension or from the control group. All 
of the roots were discoloured (Figure 5.11), however this is likely to be an effect of the waterlogging 
– drying cycle rather than fungal colonisation, and some vascular discolouration was observed for a 
few plants (Figure 5.12).  
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Figure 5.11. The root system of plants grown under the waterlogged – drying cycle conditions and 
inoculated with N. vasinfecta var. africana.  
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Figure 5.12. A) And B) The vascular tissue of the split root sections from the waterlogged plants 
inoculated with a N. vasinfecta var. africana ascospore suspension. 
5.3.2.6 Experiment 6 – Cone-tainer® emergent root inoculation  
No disease symptoms such as chlorosis or wilting were observed over the period of this experiment 
(up to 45DAI). After removal from the Cone-tainer®, the root system of all plants was closely 
inspected for discolouration, lesion development or perithecia of N. vasinfecta var. africana, but no 
signs or symptoms typical of infection were observed. Sections of root tissue were plated on ½PDAS, 
and after a two week incubation period, N. vasinfecta var. africana was not isolated from any of the 
tissue samples. 
5.3.3 Other inoculation methods 
5.3.3.1 Experiment 7 - Comparison of root dipping with root injury as inoculation methods 
All seedlings were observed for symptoms of Neocosmospora root rot infection every three days and 
at 12DAI, wilting and chlorosis was evident in plants of both of the treatments as seen in Figure 5.13. 
After the plants were removed from pots the roots of each plant were evaluated and given a rating of 
1 to 5 (Figure 5.13). For the intact root treatment, all of the plants had distinct discolouration of the 
root system and lesions were present on the taproot of all of the plants (Figure 5.14). The plants from 
the root injury treatment also had extensive blackening of the remaining taproot and lateral root 
system (Figure 5.15). The injured treatment had a higher mean disease rating of 3.6 in comparison 
with the root dip treatment which had mean rating of 2.6. A simple one-way ANOVA analysis of the 
treatments revealed a significant difference between treatments (P=0.011). Further analysis using the 
B 
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Tukey’s HSD method found the ratings for both inoculated treatments to be significantly different to 
the injured control group, however not significant compared with the root dip control group.  
  A B 
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Figure 5.13. Images A) and B) show the wilting and chlorosis of peanut plants inoculated with N. 
vasinfecta var. africana; and C) chlorosis of some plants starting at 12DAI. 
 
 
Figure 5.14. Mean disease ratings of plants inoculated with N. vasinfecta var. africana using the 
root dipping method or by injuring the roots in comparison with the uninoculated control 
treatments. Bars = standard error.  
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Figure 5.15. The intact (top) or injured (bottom) root system of plants inoculated with an ascospore 
suspension. 
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5.3.3.2 Experiment 8 – Comparison of ascospore suspension with colonised peanut shell as 
inoculation methods 
At 60DAI the plants were removed from the 2:1 field soil and river sand mix and evaluated for N. 
vasinfecta var. africana infection. None of the plants exhibited any aboveground symptoms of 
infection such as wilting or chlorosis. There was no sign of infection by N. vasinfecta var. africana 
on any of the roots such as lesions, decay or vascular discolouration.  
5.3.3.3 Experiment 9 - Comparison of ascospore solution dip with agar plug inoculation 
The number of peanut plants exhibiting signs of infection with N. vasinfecta var. africana were very 
low, with only 30% of plants from Treatment A receiving a rating of 1 (outlined in Appendix 4) for 
root infection (Figure 5.16). None of the plants from Treatment B or the control group had any signs 
of the disease therefore received a rating of 0. Neocosmospora vasinfecta var. africana was not re-
isolated from the root and stem tissue plated on ½ PDA. 
 
   
Figure 5.16. The root system of the peanut plants inoculated with N. vasinfecta var. africana var. 
africana in treatments A (A), B (B), and the roots of a control plant in Treatment C (C). 
None of the plants produced any typical aboveground symptoms of infection by N. vasinfecta var. 
africana such as stunting, wilting or chlorosis. While the roots of the three treatments received a very 
low disease rating of 1 with no lesions or discolouration evident, the root system appears to be more 
developed for the control group, which can also be seen in Figure 5.16, than for the inoculated 
treatments. This difference was confirmed by the fresh weight results,  where fresh weights for the 
A B C 
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control group were higher than both inoculated treatments A and B (Figure 5.17), however this effect 
was not significant (P=0.405). Figure 5.18also shows the roots of plants from Treatment B had a 
higher biomass for all four weight measurements than Treatment A, however this effect is also not 
significant (p>0.05). 
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Figure 5.17. The fresh weight (g) of peanut seedlings inoculated by root dipping into a N. vasinfecta 
var. africana ascospore suspension (treatment A), an agar plug placed against the stem below the 
soil line (treatment B) or root dipping into sterile water (treatment C). 
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Figure 5.18. The fresh weight (g) of the roots of the peanut seedlings inoculated with N. vasinfecta 
var. africana using a root dipping method (treatment A), colonised agar plug against the stem 
(treatment B) and the control treatment (treatment C). 
5.3.4 Development of a seedling bioassay to evaluate pathogenicity of N. vasinfecta var. 
africana var. africana to peanut and alternative hosts under controlled conditions.  
5.3.4.1 Experiment 10 – preliminary chickpea seedlings bioassay 
All three inoculation methods resulted in seedling death from colonisation of the germinated chickpea 
seed before and after coleoptile emergence. Perithecia of N. vasinfecta var. africana were abundant 
on the surface of the seed and throughout the vermiculite (Figure 5.19A and 5.19B). 
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Figure 5.19. A) abundant orange perithecia of N. vasinfecta var. africana through the vermiculite 
21DAI; B) perithecia and mycelium of N. vasinfecta var. africana from treatment A on the surface 
of the vermiculite inhibiting seedling germination and; C) only a few chickpea seedlings were able 
to germinate after inoculation with N. vasinfecta var. africana. 
There was a significant difference between all of the treatments (P=0.021) for this experiment. Every 
seed in treatment A was observed as rapidly colonised by N. vasinfecta var. africana, which prevented 
coleoptile emergence (Table 5.4). Seedling death was more rapid in treatment B than in treatment C 
(Table 5.4) and while infection was apparent, the difference in seedling mortality was not significant 
between treatment C and the control based on the result of a Fisher’s LSD test. 
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Table 5.4. Seedling mortality (expressed as %) at 7, 14 and 21DAI. The superscript letters indicate 
significance using a Fisher’s LSD test.  
 Seedling Mortality (%) 
Treatment 7DAI 14DAI 21DAI 
AA 100 100 100 
BB 27 36 36 
CB,C 0 15 50 
ControlC 0 0 10 
 
Treatments B and C were significantly less effective methods of inoculation than Treatment A with 
no significant difference in seedling mortality between them after 21 days. The seedling deaths 
observed in the control treatment were not due to N. vasinfecta var. africana infection. 
5.3.4.2 Experiment 11 - Seedling bioassay to determine the optimum inoculum level to produce 
infection symptoms on peanut seedlings 
All of the seedlings inoculated with N. vasinfecta var. africana from each peanut cultivar in this 
experiment exhibited varying symptoms of infection such as root lesions, root decay, discolouration 
and stunted growth (Figure 5.20and Figure 5.21). The roots of the seedlings in the control treatment 
were free of symptoms of infection and were observed to be well developed in comparison with the 
inoculated treatments. 
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Figure 5.20. The roots of peanut seedlings inoculated with 10 millet grains infested with N. 
vasinfecta var. africana exhibiting symptoms of root rot. 
  
Figure 5.21. The roots of peanut seedlings inoculated with 50 millet grains infested with N. 
vasinfecta var. africana exhibiting symptoms of root rot. 
All three cultivars were successfully inoculated with 10 millet grains infested with N. vasinfecta var. 
africana and 50 infested millet grains infested with the fungus. There was no significant cultivar 
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effect in disease severity ratings (P=0.323), with all cultivars having similar ratings under each 
treatment (Figure 5.22). The treatment effect was however highly significant (P=≤0.001), with more 
severe symptoms evident at higher inoculum levels.   
 
 
Figure 5.22. Average disease ratings for each peanut cultivar and treatment. Bars = standard error. 
5.3.4.3 Experiment 12 – A peanut seedling bioassay to determine the minimum amount of 
inoculum required to initiate N. vasinfecta var. africana infection 
The purpose of this experiment was to determine the optimum level of N. vasinfecta var. africana 
inoculum required in a seedling bioassay to produce symptoms of Neocosmospora root rot in peanut 
seedlings, and determine whether higher levels of inoculum produce more severe symptoms or higher 
rate of mortality. The disease ratings for the cultivars inoculated with 0.5g (treatment A) and 1g 
(treatment B) of N. vasinfecta var. africana infested millet grain indicate both levels of inoculum 
(Figure 5.23) are able to kill peanut seedlings with most ratings above 4. A univariate ANOVA found 
the effect of cultivar on the disease ratings was significant (P≤0.001) however the difference between 
the treatments was not significant (P=0.658). There was no significant interaction effect between the 
different cultivars and treatments (P=0.054) indicating further work is required to determine the 
minimum inoculum level and optimum range of inoculum required to produce symptoms of 
Neocosmospora root rot before quantifying potential genotypic resistance. 
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Figure 5.23. The disease ratings received by each cultivar for seedlings inoculated with 0.5g of 
millet seed infested with N. vasinfecta var. africana (treatment A) and 1g of millet seed (treatment 
B). Bars = standard error.  
5.3.4.4 Experiment 13 - UGA bioassay 
The mean disease rating for each isolate treatment indicates root lesions and decay were observed for 
all plants, including the plants in the control treatments which can be seen in Figure 5.24. Data 
analysis by two-way Anova (Minitab 16) suggests there is a significant interaction between the 
cultivars (P≤0.001) and the isolates (P=0.005), however the interaction effect between the three 
isolates of N. vasinfecta var. africana (Black Shank, Lang Farm and NS201401) and the cultivars is 
not significant overall (P=0.873). This is also seen in Figure 5.25, which shows there is little variation 
in the fresh weight of the roots of each treatment and the interaction between cultivars and treatments 
is also not significant (P=0.614). The disease ratings and root weights for the control treatments 
indicate there is a potential environmental effect in this experiment which is responsible for the ratings 
of all of the seedlings.  
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Figure 5.24. The mean disease rating for each cultivar and isolate treatment. The control treatment 
is highlighted in red to demonstrate the potential environmental effect responsible for these ratings. 
Bars = standard error. 
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Figure 5.25. Fresh root weight per plant for each cultivar and isolate treatment. The bars for control 
treatment are red to highlight the potential environmental effect responsible for these ratings. Bars = 
standard error. 
While there is no interaction effect for this experiment, there is a significant difference between the 
overall mean rating of the cultivars, however this is not significant for the mean disease ratings of 
each cultivar for each treatment. This is also likely to be influenced by the environment of the 
experiment based on the results of the control treatment. Figure 5.26shows there is a significant 
difference between the average disease scores for the treatment inoculated with isolate NS201401 
and the other three treatments, Lang Farm, Black Shank and the Control treatment however this isn’t 
reflected by the weight of the plant root system, with minimal variation between treatments observed 
for this experiment (Figure 5.27). 
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Figure 5.26. The mean disease ratings (averaged over cultivars) for each treatment (Control, Lang 
Farm, Black Shank, NS201401). Bars = standard error. 
 
Figure 5.27. The mean root fresh weight (averaged over cultivars) measured for each treatment 
(Control, Lang Farm, Black Shank, and NS201401). Bars = standard error. 
5.4 Discussion 
The severity of reported outbreaks of N. vasinfecta var. africana in the past decade (Fuhlbohm et al. 
2007) have highlighted the importance of the fungus as an emerging pathogen of peanuts, and the 
impact such outbreaks may have on the Australian peanut industry. There has been limited research 
conducted on the disease to date, therefore the purpose of investigating the pathogenicity of N. 
vasinfecta var. africana was to gain a better understanding of the behaviour of the fungus as a 
pathogen under controlled conditions. This will increase our knowledge of the plant response to N. 
vasinfecta var. africana in the field, and allow for measurement of the timing and severity of any 
symptoms that may be expressed. It is unknown how N. vasinfecta var. africana gains entry to the 
a a a
b
0
1
2
3
4
5
Control Lang Farm Black Shank NS201401
D
is
ea
se
 R
at
in
g
Mean disease ratings
0.00
5.00
10.00
15.00
20.00
Control Lang Farm Black Shank NS201401
W
e
ig
h
t 
(g
)
Mean root weights
121 
 
host plant as a soilborne pathogen (Kelly & Budd 1990) and what the optimum conditions required 
to activate the infection process may be. Li et al. (2013) found that the root exudates from peanut 
plants promoted the growth of the soilborne pathogens Fusarium oxysporum and F. solani in 
monoculture cropping systems in southern China, which is not dissimilar to the farming practices in 
the peanut growing regions of Australia. The root exudates of peanut plants may have a similar effect 
on N. vasinfecta var. africana, however based on the results of the experiments in this chapter, it is 
likely to be in conjunction with another factor such as another soilborne disease, insect damage, 
mechanical wounding or another environmental trigger or stress.   
Despite extensive work to inoculate peanut plants with the fungus under glasshouse conditions, none 
of the experiments conducted here resulted in plant death as a result of infection by N. vasinfecta var. 
africana. Fuhlbohm et al. (2007) and Pan et al. (2010) successfully inoculated peanut plants using the 
root dipping technique, however the results of their studies were unable to be replicated using the 
same technique for several experiments outlined within this chapter. It is also interesting to note that 
additional factors were incorporated into these experiments, such as varying the concentrations of 
ascospore suspensions to exceed the 2x105 ascospores/mL outlined in Fuhlbohm et al. (2007) and the 
106 ascospores/ml used in the study conducted by (Huang et al. 1992). Wounding and changing 
exposure times to the fungus to encourage infection were also explored. None of these approaches 
adequately produced the symptoms observed during their studies or what is commonly seen in the 
field such as wilting, root decay and plant death.  
The study comparing two inoculation methods using colonised agar plugs placed against a wound in 
the stem or the crown and the root dipping technique also did not produce symptoms of the disease. 
There was no significant difference found between the plant weights for the inoculated and control 
treatments however there appeared to be a trend in the data where the inoculated plants had a lower 
biomass than the control plants. This indicates N. vasinfecta var. africana may potentially have a 
minor deleterious effect on the plant at low levels of colonisation when no symptoms are observed.  
It is clear from these results that further work is required to determine the most effective method of 
inoculation under glasshouse conditions, and if infection is influenced by other environmental or 
abiotic factors. 
The initial seedling bioassay developed using chickpea was comparatively more effective as a method 
of assessment and evaluation of N. vasinfecta var. africana infection, with colonisation and damage 
to the root system obvious in most experiments. It is clear from the results of the pilot bioassay using 
chickpea seed, that N. vasinfecta var. africana is able to colonise the seed of susceptible hosts, 
therefore inhibiting germination in the absence of competing or antagonistic fungi and bacteria, with 
up to 100% of the chickpea seeds colonised to the point of total germination inhibition when in direct 
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contact with the fungus.  The second bioassay conducted to screen peanut cultivars therefore used 
germinated seed to avoid total colonisation of the germinating seed by N. vasinfecta var. africana and 
encourage infection of the root system. This bioassay was successful to infect all three of the cultivars 
tested, with differences in symptom severity on the root system. The difference in infectivity was not 
significant between the three cultivars at lower levels of infection however with more inoculum 
present, the long-season cultivars PBR Holt and PBR Fisher were more susceptible to the disease 
than the earlier maturing cultivar PBR Redvale with more root damage apparent. This may provide a 
starting point for investigating potential sources of tolerance in Australian peanut germplasm. The 
results of the seedling bioassay conducted at the University of Georgia, were quite different to what 
was seen in Australia, with the fungus having little effect on the cultivars used in the experiment. It 
appears there was an environmental effect that may have influenced the health of the seedlings, such 
as the use of vermiculite as a growth substrate, the temperature or humidity in the controlled 
environment cabinets or ongoing plant nutrition. All of the treatments in this experiment resulted in 
symptoms of root disease caused by N. vasinfecta var. africana, including poor performance of the 
control treatment which was not inoculated with N. vasinfecta var. africana therefore it is unclear if 
the fungus had any effect on the seedlings. Based on field observations where N. vasinfecta var. 
africana was commonly found on the length of the taproot of plants infected with Tomato Spotted 
Wilt Virus or other soilborne disease such as white mould, it appears N. vasinfecta var. africana has 
very little effect on the peanut plant in the USA. It is likely the fungus is a saprophyte, or possibly a 
weak pathogen, and perhaps only attacking the roots when another pathogen has already 
compromised the plant, giving it a point of entry. 
5.5 Conclusion 
The results of most of these inoculation studies under controlled conditions have been largely 
unsuccessful with the exception of the seedling bioassay which was able to induce symptoms of 
disease.. From these results, it is apparent the pathogen may be opportunistic, a concept introduced 
in Chapter 4, that is further supported by the results of these experiments. Further work is required to 
successfully inoculate peanut under glasshouse conditions to simulate natural infection in the field. It 
is likely the fungus requires a particular stress or trigger, or even a combination of abiotic factors, to 
initiate a pathogenic lifestyle and subsequent disease outbreaks. It is clear from the results of the 
seedling bioassay experiments that N. vasinfecta var. africana can be pathogenic to seedlings under 
certain conditions, also suggesting the fungus requires a particular trigger to commence a pathogenic 
lifestyle.  
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6 CHAPTER 6 
Neocosmospora vasinfecta var. africana as a pathogen of chickpea and soybeans 
6.1 Introduction 
Chickpea (Cicer arietinum) and soybean (Glycine max) are two commercially valuable crops for both 
human and animal consumption worldwide (Singh 1997; Singh 2010). Chickpea has been 
traditionally grown in Africa, West Asia, South Asia and Europe and production has recently 
expanded into North America and Australia (Chauhan et al. 2008) with increased consumption in the 
western world due to diet diversity (Queensland Department of Agriculture and Fisheries 2016). 
Chickpea is a cool-climate pulse crop that is primarily grown in winter in the northern grain 
production region of Australia (Whish et al. 2007b) and is an important crop in wheat and cereal 
monoculture systems to assist with crown rot (Fusarium pseudeograminearum) suppression, nitrogen 
fixation and water management  (Whish et al. 2007a). In contrast, soybean is a summer oilseed crop 
with a wide distribution across irrigated and high rainfall regions of Australia (Soy Australia Ltd 
2016) and is also included in cereal and sugar cane monoculture systems for soil health and disease 
control (Lawn & James 2011). In 2014, chickpea production in Australia averaged at 629,400 tonnes 
(FAOSTAT 2016) and 90% of Australian production is of the Desi type and 10% of the Kabuli type 
(Pulse Australia 2016). Soybean production in 2014 in Australia averaged at 80,000 tonnes 
(FAOSTAT 2016) with the majority of production for soy milk and soy flour products (McGee 2011).  
To date, root rot of chickpea caused by N. vasinfecta has only been reported in the Punjab province 
of Pakistan (Ali et al. 2011). Ali et al. (2015) reported chickpea plants in the field were suffering with 
symptoms of root rot caused by N. vasinfecta such as yellowing and wilting of the plant, rotting root 
tips and plant death. This report only identified N. vasinfecta as the causal pathogen, the species was 
not identified to the variety level and the morphological description of the fungus did not describe the 
ornamentation of the ascospores. Only two reports of N. vasinfecta var. africana in chickpea crops 
has been recorded in Australia and both reports were made in 1987 in the Northern Territory (Plant 
Health Australia 2001) however no details about the severity of plant infections or impact on crop 
yields was recorded.  
There have been several reports of N. vasinfecta causing stem rot of soybean crops worldwide. Gray 
et al. (1980) described the symptoms of infection in the field as premature senescence, defoliation of 
the whole plant with root rot, a stem lesion extending up the stem for 10-15cm above ground level 
and extensive pith discolouration. This report was consistent with the observations of symptoms 
reported by Phillips (1972), Sun et al. (2014), Gai et al. (2011b) and Greer et al. (2015). However, in 
these reports the incidence and severity of the disease was not provided. There have been few reports 
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of N. vasinfecta being isolated from soybean plants in Australia. In 1985, N. vasinfecta was identified 
in a soybean crop in Grafton, New South Wales (Plant Health Australia 2001) and again in a crop at 
Bundaberg, Queensland in 2014 (S. Thompson, per. comm). Similar to the overseas reports the extent 
of the damage in the crops due to N. vasinfecta was not reported. There is the potential for reports of 
infections to become more frequent, particularly in areas where known outbreaks of Neocosmospora 
root rot in peanut crops has occurred leading to a build-up of inoculum in the soil. 
This thesis chapter aims to investigate the pathogenicity of Australian isolates of N. vasinfecta var. 
africana to chickpea and soybean and to determine the most effective method of inoculation. With 
regard to the challenges presented in Chapter 5 for inoculation of peanut plants, this chapter will focus 
on confirming N. vasinfecta var. africana as a pathogen of chickpea and soybean plants and the 
development of a reliable inoculation technique. While Neocosmospora root rot has not been reported 
as a threat to production of either crop in Australia, the endemic nature of the pathogen in Australian 
cropping soils may lead to outbreaks of root or stem rot disease in crops causing major yield and 
economic losses. The studies presented in this chapter will assist with knowledge and understanding 
of the plant response to N. vasinfecta var. africana and potential identification of any resistance 
mechanisms to the disease. 
6.2 Materials and methods 
6.2.1 Experiment 1 - Preliminary inoculation of chickpea seedlings with Neocosmospora 
vasinfecta var. africana 
A preliminary experiment was conducted to determine if N. vasinfecta var. africana is pathogenic to 
chickpea. Chickpea seeds (cv. Kyabra) were planted into seedling trays containing pasteurised potting 
mix (see Appendix 2 for composition) and watered to field capacity. Twenty seeds were planted in 
each of three trays (Figure 6.1) with each tray representing a replication. At 30 days after planting 
(DAP), an ascospore suspension was prepared by adding 0.5-1ml of sterile deionised water to five 
Petri dishes containing actively growing colonies of N. vasinfecta var. africana (isolate EM1) on 
½PDAS (composition outlined in Appendix 1). The surface of the agar was gently scraped to dislodge 
mycelium, perithecia and conidia before adding to 100ml of sterile deionised water. The 
concentration of ascospores in the suspension was quantified with the aid of a haemocytometer and 
diluted to achieve the concentration 2.4 x 105 ascospores/ml. The seedlings were inoculated by 
injecting 0.5ml of the ascospore suspension into the stem of each seedling approximately 10mm 
above the soil line using an 18 gauge hypodermic needle ( 
Figure 6.2). The suspension was injected until the full 0.5ml was dispensed and ran out of the stem 
puncture. The chickpea seedlings were then incubated on the glasshouse bench for 30 days at 23-
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27°C and monitored for symptom development. After 30 days, the seedlings were removed from the 
potting mix and surface sterilised by dipping roots into a 1.5% NaOCl solution and draining on paper 
towel. Sections of root tissue (4 sections per Petri dish) from each seedling were placed onto ½PDA 
supplemented with 0.01% streptomycin sulphate in triplicate and incubated in darkness for 14 days 
at 25°C to determine if N. vasinfecta var. africana had infected the roots of the seedlings.  
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Figure 6.1. Chickpea seedlings 30 days after planting into pasteurised potting mix for inoculation 
with N. vasinfecta var. africana. 
 
Figure 6.2. Chickpea seedlings 30DAP being inoculated with an ascospore suspension containing 
mycelium, ascospores and conidia of N. vasinfecta var. africana using a hypodermic needle. 
6.2.2 Experiment 2 – Inoculation of chickpea and soybean seedling roots with an ascospore 
suspension or agar plug 
The purpose of this experiment was to evaluate two potential methods for inoculating seedlings with 
N. vasinfecta var. africana, the root dipping technique (treatment A) and the agar plug/stem wound 
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technique (treatment B), to determine the most suitable method to infect chickpea and soybean 
seedlings. Based on the techniques used by Fuhlbohm et al. (2007), Ali et al. (2011) and Greer et al. 
(2015), 30 day old chickpea (cv. Yorker) and soybean (cv. Hayman) seedlings grown in 1.9L black 
plastic pots (Figure 6.3) containing commercial potting mix (Rocky Point) were removed from the 
potting mix and the bare roots exposed to an ascospore suspension (N. vasinfecta var. africana isolate 
K4312) for three hours (treatment A, Figure 6.4) and then dried on sterile paper towel for one hour. 
The ascospore suspension was prepared using the method outlined in Chapter 5, section 5.2.2.3. After 
the roots dried, the seedlings were re-planted into potting mix. For the agar plug technique, colonised 
agar plugs (7mm diameter) were excised from three week old cultures of N. vasinfecta var. africana 
actively growing on ½PDAS were placed against the stem of seedlings just below the soil line. The 
control plants (treatment C) were dipped into sterile deionised water. There were 10 plants per 
treatment, each plant representing one replication. After inoculation, the plants were randomly 
arranged on the glasshouse bench and maintained at 21-30°C for 45 days, watering as required. At 
45 DAI, the plants were removed from their pots and the root system thoroughly rinsed with running 
tap water and inspected for signs of N. vasinfecta var. africana infection such as lesions, decayed 
tissue or orange-red perithecia. The root system was rated on a 1-5 scale (see Appendix 4) and fresh 
weights of the whole plant and the root system were measured to determine if N. vasinfecta var. 
africana infection had impacted the growth of the whole plant and the development of the root system. 
Sections of tissue from the root tip, mid-section of the root and the crown of five seedlings from each 
treatment were placed onto ½PDAS. Four sections of root tissue were placed Petri dish in triplicate 
and incubated at 25°C for 14 days in darkness for isolation of N. vasinfecta var. africana to confirm 
pathogenicity.  
128 
 
 
Figure 6.3. Seedlings ready for inoculation with N. vasinfecta var. africana via root dipping of bare 
roots or an agar plug placed against the stem below the soil line. 
 
Figure 6.4. The bare roots of seedlings exposed to an ascospore suspension as a method of 
inoculation for Neocosmospora root rot infection. 
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6.2.3 Development of a seedling bioassay for N. vasinfecta var. africana infection of chickpea 
and soybean plants in Australia. 
6.2.3.1 Experiment 3 
The preliminary bioassay of germinating chickpea seedlings in Chapter 5 has led to further 
investigations into the suitability of the seedling bioassay as a potential method for evaluating the 
pathogenicity of N. vasinfecta var. africana to chickpea and soybean seedlings in Australia. Due to 
the amount of inoculum used in the preliminary study (section 5.2.4.3, Chapter 5) overwhelming the 
seed and preventing primary root and shoot development, the purpose of this study was to evaluate 
the optimum level of N. vasinfecta var. africana inoculum required to produce symptoms such as 
stunted plant growth, root decay and seedling death in 7-21 day old seedlings. Three chickpea 
cultivars (Kyabra, PBA Boundary and PBA HatTrick) and three soybean cultivars (Bunya, Soya791 
and Fraser) were used in this experiment. The chickpea seed was sourced from Dr Kevin Moore, New 
South Wales Department of Primary Industries and the soybean seed was sourced from the Hermitage 
Research Station, Warwick, Qld, and Bean Growers Australia, Kingaroy. 
Thirty seeds of each cultivar were germinated using the method outlined in Chapter 5, section 5.2.4.2, 
however they were germinated for seven days at 25°C rather than two days to ensure the radicle 
length exceeded the length of the seed. Ten seeds of each cultivar that were free of fungal or bacterial 
contamination were selected for transplanting into sterile vermiculite (autoclaved at 121°C and 15psi 
for one hour on three consecutive days) in 30ml polycarbonate containers (LabTek). Three treatments 
were included in the experiment with 10 replications of each treatment. Treatment A was inoculated 
with 5 millet grains infested with N. vasinfecta var. africana isolate K4296 and treatment B was 
inoculated with 20 infested millet grains. Treatment C was the control treatment and was inoculated 
with 20 sterile, non-infested millet grains. The millet seed was mixed through the vermiculite just 
prior to transplanting the seedlings and the seedlings were placed into the controlled environment 
cabinet for 21DAI at 23°C on a 16/8 day-night cycle with relative humidity at 40-80%. At 21 days 
after inoculation (DAI) the seedlings were removed from the cabinet and the root system rated for 
infection using the 1-5 scale defined in Appendix 4. 
6.2.3.2 Experiment 4 
Following the successful inoculation of chickpea and soybean seedlings with N. vasinfecta var. 
africana in Experiment 3, another seedling bioassay was conducted to determine the minimum level 
of N. vasinfecta var. africana required to produce symptoms of Neocosmospora root rot on chickpea 
and soybean seedlings 7 to 21 days after inoculation. The same chickpea and soybean cultivars used 
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in experiment 3 were included in this experiment to determine if there were any differences in 
resistance to the pathogen.  
Forty seeds of each cultivar were prepared as per the method outlined in section 5.2.4.2 of Chapter 5, 
and again the seeds were incubated at 25°C for seven days until the radicle growth exceeded the 
length of the seed. Ten germinated seeds free of fungal or bacterial colonisation of each cultivar were 
selected for the bioassay.  The seeds were transplanted into sterile vermiculite (autoclaved at 121°C 
and 15psi for one hour on three consecutive days) contained in 30ml polycarbonate bottles. The 
treatments were comprised of two levels of inoculum, 0.5g (treatment A) and 1g (treatment B) of 
millet seed infested with isolate K4296. A control treatment of 1g sterile millet seed (treatment C) 
was also included. The millet seed was mixed through the vermiculite just prior to seedling transplant. 
The purpose of weighing the millet seed rather than counting individual seeds was to simplify the 
previous method in an attempt to standardise the procedure for use on large numbers of seedlings. 
Ten replications of each cultivar x inoculum level were used for this experiment. The test bottles were 
placed into 2L plastic containers (Sistema®) with mesh inserts to elevate the bottles off the base of 
the container and avoid contamination of control bottles. The seedlings were placed into the 
controlled environment cabinet and maintained for 22DAI at 23°C on a 16/8 day-night cycle with 40-
80% relative humidity. At 22DAI the root system of the seedlings were given a 1-5 rating based on 
the scale outlined in Appendix 4.  
6.2.4 Data Analysis 
To compare the difference in plant response (plant fresh weight, disease ratings) to N. vasinfecta var. 
africana, data were analysed using analysis of variance (ANOVA; Minitab version 16) and then 
Fisher’s pairwise comparison (Experiment 2) or Tukey’s test for means comparison (Experiments 3 
and 4). Data were assessed at a 95% confidence level.  
6.3 Results  
6.3.1 Experiment 1 - Preliminary inoculation of chickpea seedlings with Neocosmospora 
vasinfecta var. africana 
At 16 days after inoculation, the chickpea seedlings exhibited symptoms of root disease including 
wilting, leaf chlorosis (Figure 6.5) and lesions around the site of injection (Figure 6.6) and some 
discolouration of the root system. N. vasinfecta var. africana was isolated from the roots of 65, 75 
and 80% if seedlings in the three replicate trays. It was confirmed that N. vasinfecta var. africana is 
pathogenic to chickpea seedlings using this controlled inoculation method.  
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Figure 6.5. Wilted and chlorotic chickpea seedlings, symptoms consistent with Neocosmospora root 
rot. 
 
Figure 6.6. A lesion developing at the site of N. vasinfecta var. africana inoculation by injection on 
a seedling 16 days after inoculation. 
6.3.2 Experiment 2 - Inoculation of chickpea and soybean seedling roots with an ascospore 
suspension or agar plug 
None of the chickpea seedlings exhibited aboveground symptoms such as stunted growth, wilting or 
chlorosis to indicate infection by N. vasinfecta var. africana after either inoculation technique. There 
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were no lesions, decay or damage to the root system and no perithecia of N. vasinfecta var. africana 
present on the roots even 45 DAI. There was a significant effect (P=0.002) in mean plant fresh weight 
between the root dipping (treatment A), agar plug (treatment B) and the control (treatment C) 
treatments, and seedlings from treatment B had 7g heavier fresh weight than treatments A and C 
(Figure 6.7). This trend was also apparent for the fresh weights of the root system (Figure 6.8), where 
again the treatment effect was significant (P≤0.001) and the seedlings inoculated with treatment B 
recorded fresh root weights of up to 5g higher than the other two treatments. While there was a 
significant difference between treatments for both the fresh plant weights and the fresh root weights, 
Fisher’s pairwise comparison determined the difference between treatments A and C was not 
significant and the root dipping technique is likely to impact the fresh weight of the whole plants and 
roots in comparison to treatment B which had no root disturbance.  
 
Figure 6.7. Fresh weight (g) of chickpea seedlings inoculated by root dipping into a N. vasinfecta 
var. africana ascospore suspension (treatment A), an agar plug placed against the stem below the 
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soil line (treatment B) or root dipping into sterile water (treatment C, control). Error bars = standard 
error. 
 
Figure 6.8. The fresh weight (g) of the roots of the chickpea seedlings inoculated with N. vasinfecta 
var. africana using a root dipping method (treatment A), colonised agar plug against the stem 
(treatment B) and the control treatment (treatment C). Error bars = standard error. 
The fresh weights of the whole plant and roots of the soybean seedlings followed a similar trend to 
the chickpea seedlings (Figure 6.9 and Figure 6.10). There was a treatment effect (P=0.002) however 
Fisher’s pairwise comparison found the difference between treatments A and C to be non-significant. 
Treatment B had much higher fresh and root weights, indicating minimal disturbance of the root 
system influenced the rate of growth of the plant. All chickpea and soybean seedlings for the 
inoculated and uninoculated treatments received a rating of 1, as a result of no root damage occurring 
due to N. vasinfecta var. africana infection. The pieces of root tissue cultured on ½PDA did not have 
any N. vasinfecta var. africana isolated from the root tip, mid-section of the tap root or the crown.     
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Figure 6.9. The fresh weight (g) of whole soybean seedlings inoculated with N. vasinfecta var. 
africana through root dipping into an ascospore suspension (treatment A), an agar plug against the 
stem (treatment B), or dipping the roots into sterile deionised water (treatment C). Error bars = 
standard error. 
 
Figure 6.10. The fresh weight (g) of the roots of the soybean seedlings inoculated with N. vasinfecta 
var. africana through root dipping into an ascospore suspension (treatment A), an agar plug against 
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the stem (treatment B), or dipping the roots into sterile deionised water (treatment C). Error bars = 
standard error. 
6.3.3 Development of a seedling bioassay for N. vasinfecta var. africana infection of chickpea 
and soybean plants in Australia. 
6.3.3.1 Experiment 3 
The inoculation technique which used millet seed colonised with Neocosmospora vasinfecta var. 
africana as an inoculum source resulted in symptoms of disease on the root system and germinating 
seed such as root decay and orange-reddish perithecia containing asci and ascospores of N. vasinfecta 
var. africana. The chickpea cultivars in this experiment were highly susceptible to N. vasinfecta var. 
africana infection with all of the seedlings from the inoculated treatments receiving a disease rating 
greater than 3 (Figure 6.11). The level of inoculum had a significant effect on the ratings received by 
each cultivar (P≤0.001) however this effect was realised between the inoculated and uninoculated 
treatments rather than individual treatments. Based on a Tukey’s comparison of means, the difference 
between the inoculated treatments was not significant for any of the cultivars. Figure 6.11shows the 
ratings were relatively uniform for treatments A and B and the control treatment didn’t exhibit any 
symptoms of infection. The symptoms exhibited by the seedlings included stunted growth (Figure 
6.12) and a discoloured and rotted root system at both levels of inoculum (Figure 6.13 and Figure 
6.14).   
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Figure 6.11. The mean disease ratings for chickpea seedlings (cultivars Kyabra, Boundary and PBA 
HatTrick) inoculated with 5 millet grains infested with N. vasinfecta var. africana (treatment A), 10 
infested millet grains (treatment B) and 10 sterile millet seeds (treatment C). 
 
Figure 6.12. Chickpea seedlings (cv. Kyabra) of treatment B with stunted growth and abundant 
perithecia of N. vasinfecta var. africana through the vermiculite. 
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Figure 6.13. The root system of chickpea seedlings (cv. Kyabra) from treatment A with a blackened 
and decayed root system and stunted growth. 
 
Figure 6.14. Chickpea seedlings (cv. PBA HatTrick) inoculated with 20 N. vasinfecta var. africana 
infested millet grains (treatment B) with severe root rot and stunted growth. 
All of the inoculated soybean cultivars exhibited symptoms of N. vasinfecta var. africana infection 
at 21DAI. The disease ratings for treatments A and B were similar for each cultivar (Figure 6.15) 
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however cv. Bunya exhibited the most severe symptoms of root discolouration and decay with disease 
ratings above 3 in both of the inoculated treatments, whilst the mean disease ratings for the other two 
cultivars ranged from 1.8 – 2.2. A means comparison using Tukey’s method indicated cv. Bunya and 
cv. Fraser were significantly different however the overall interaction between the soybean cultivar 
and treatment was not significant (P=0.069) despite the variation in disease ratings. The treatment 
effect was significant (P=≤0.001) however similar to the chickpea results, the treatment is only 
significant between the inoculated (treatments A and B) and uninoculated treatments (treatment C). 
The symptoms produced by N. vasinfecta var. africana included stunted growth and development of 
the inoculated seedlings in comparison with the uninoculated seedlings (Figure 6.16) and 
discolouration of the root system for treatments A and B (Figure 6.17 and Figure 6.18).  No symptoms 
were apparent on roots of the control seedlings therefore N. vasinfecta var. africana is able to infect 
soybean seedlings at 7-21 days after germination.  
 
Figure 6.15. The mean disease ratings for soybean seedlings (cultivars Bunya, Soya791 and Fraser) 
inoculated with 5 millet grains infested with N. vasinfecta var. africana (treatment A), 10 infested 
millet grains (treatment B) and 10 sterile millet seeds (treatment C). 
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Figure 6.16. A comparison of growth of soybean seedlings (cv. Soya791) inoculated with 20 sterile 
millet seeds (treatment C) and 5 infested millet grains (treatment A). 
 
Figure 6.17. The discoloured roots of soybean seedlings (cv. Soya791) inoculated with 5 millet 
grains infested with N. vasinfecta var. africana (treatment A). 
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Figure 6.18. Soybean seedlings (cv. Bunya) with extensive discolouration and some decay of the 
root system of seedlings inoculated with 5 millet grains infested with N. vasinfecta var. africana 
(treatment A). 
6.3.3.2 Experiment 4 
The purpose of this experiment was to determine the optimum level of N. vasinfecta var. africana 
inoculum required in a seedling bioassay to produce symptoms of Neocosmospora root rot of 
chickpea and soybean seedlings, and if higher levels of inoculum produce more severe symptoms. 
The disease ratings for the chickpea seedlings indicate 0.5g (treatment A) and 1g (treatment B) of N. 
vasinfecta var. africana inoculum was able to colonise and kill the seedlings at both lower and higher 
levels. All of the seedlings in treatment A died within 21 days and the seedlings from treatment B 
received disease ratings of greater than 4 (Figure 6.19) indicating that seedlings were likely to produce 
severe symptoms of N. vasinfecta var. africana infection at both levels of inoculation. The difference 
in ratings between the cultivars appeared to be significant (P≤0.001) however Tukey’s means 
comparison indicated this difference is between the inoculated and uninoculated treatments which 
was seen in Experiment 3. This is also reflected by the interaction effect between the cultivar and 
treatment, which was not significant (P=0.200).  The disease ratings for the soybean seedlings (Figure 
6.20) were significant between cultivars (P≤0.001) however this is likely to be accounted for by the 
low disease ratings for the control treatment. There was no significant difference between treatment 
A or treatment B (P=0.079) and the interaction between cultivar and treatment was not significant 
(P=0.425). Based on these results, it is likely N. vasinfecta var. africana is able to infect soybean 
seedlings and produce symptoms of disease within 21 days of inoculation.  
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Figure 6.19. The disease ratings of chickpea seedlings (cv. Kyabra, cv. PBA HatTrick, cv. PBA 
Boundary) in a seedling bioassay to determine the optimum level of N. vasinfecta var. africana 
inoculum to produce symptoms on 7-21 day old seedlings.  
 
Figure 6.20. The disease ratings of soybean seedlings (cv. Soya791, cv. Fraser, cv. Bunya) in a 
seedling bioassay to determine the optimum level of N. vasinfecta var. africana inoculum to 
produce symptoms on 7-21 day old seedlings.  
6.4 Discussion 
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The objectives of this study were to confirm the pathogenicity of N. vasinfecta var. africana to 
chickpea and soybean seedlings in Australia and to determine optimum levels of inoculum to 
produces symptoms of Neocosmospora root rot infection. The results of the preliminary experiment 
in this chapter found N. vasinfecta var. africana to be pathogenic to chickpea plants (cv. Kyabra) in 
a controlled environment. The aboveground symptoms that were observed included leaf chlorosis, 
wilting and some lesions around the site of inoculation. The roots also had some discolouration and 
lesions around the crown and root tips. These symptoms are consistent with the findings of Ali et al. 
(2011), who reported yellowing and wilt-like symptoms with rotted root tips in chickpea. There has 
been two reports  of N. vasinfecta var. africana in chickpea crops in Douglas Daly and Pine Creek in 
the Northern Territory of Australia (Plant Health Australia 2001), however there is no information 
regarding the severity of the outbreak or the circumstances surrounding the infection in the report 
therefore a symptom comparison cannot be made. Neocosmospora root rot of chickpea is quite 
widespread in the Punjab province of Pakistan with work being conducted to identify N. vasinfecta 
resistant genotypes (Ali et al. 2015), therefore this disease should be closely monitored in Australia 
for any outbreaks that may occur. Initial pathogenicity testing was not carried out on soybean plants 
due to limited seed availability. 
Inoculation of plants using non-injurious methods did not result in symptoms of disease and the 
difference in plant fresh weight between the inoculated treatments and the uninoculated control 
treatment did not indicate N. vasinfecta var. africana had any impact on the plant. Techniques such 
as root-dipping or epidermal penetration at the site where an agar plug is placed against the stem often 
does not produce consistent and reliable results (Becerra Lopez-Lavalle et al. 2012) likely 
contributing to the inconsistent results of these experiments.  This was further evidenced by the 
significant difference of plant weights between the treatments subjected to root-dipping and the agar 
plug which falsely indicated N. vasinfecta var. africana infection had an impact on the fresh weight 
of the plants. Infection is highly dependent on the conidial suspension concentration, exposure time 
to the inoculum (Davis et al. 1996), age of the culture used for the suspension and the plant age at the 
time of inoculation (Visser & Hattingh 1981). In Chapter 5, inoculation of peanuts using a variety of 
techniques, including root dipping and placing an agar plug against the stem did not result in symptom 
expression by the plants therefore the mode of infection by N. vasinfecta var. africana and most 
appropriate inoculation technique is still unclear. Fuhlbohm et al. (2007), Ali et al. (2011) and Greer 
et al. (2015) all successfully inoculated chickpea, soybean and peanut to produce symptoms of root 
disease using these techniques however for this study, their results were unable to be replicated. Root 
dipping is a useful and effective method for pathogenicity testing applications where the end goal is 
to determine the timing and severity of symptoms (Visser & Hattingh 1981; Becerra Lopez-Lavalle 
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et al. 2012) which was the objective of this experiment. This technique has also been highly successful 
to differentiate between races of a pathogen such as during screening for Panama disease of banana 
(Fusarium oxysporum f. sp. cubense (Ordoñez et al. 2015), however it has been unsuccessful as a 
method for inoculating plants with N. vasinfecta var. africana throughout this thesis. 
The seedling bioassay method developed in Chapter 5 was effectively adapted for use with both 
soybean and chickpea seedlings to confirm the pathogenicity of N. vasinfecta var. africana when the 
previous glasshouse work had failed. The results of Experiment 3 show that all cultivars of chickpea 
(cv. Kyabra, cv. PBA Boundary and cv. PBA HatTrick) and soybean (cv. Bunya, cv. Soya791 and 
cv. Fraser) included in the experiment were susceptible to infection by N. vasinfecta var. africana 
under the environmental conditions of the bioassay. All of the seedlings for both species had stunted 
growth, leaf chlorosis, lesions on the crown and severe discolouration and decay of the root system, 
all symptoms reported for infection by N. vasinfecta var. africana (Ali et al. 2011; Greer et al. 2015).  
The chickpea cultivars appeared to suffer the greatest root damage in comparison with the soybean 
cultivars based on visual observations and the difference in disease ratings of the roots however there 
was no significant difference in resistance between varieties. The chickpea cultivars all received 
ratings greater than 3 for both levels of inoculum however only soybean cv. Bunya received a rating 
above 3. The difference between the inoculated treatments (A and B) was not significant however the 
effect of the inoculated treatments and the uninoculated treatments was significant. The results of 
Experiment 3 were also reflected in Experiment 4, which found that both inoculum levels produced 
severe symptoms of disease and the difference between the inoculated treatments was not significant. 
All of the seedlings in the inoculated treatments received a disease score above 3, and all of the 
chickpea seedlings inoculated with N. vasinfecta var. africana were dead or dying at 21DAI.  
More work is required to determine the minimum and maximum concentrations of inoculum required 
for infection to accurately determine any host plant resistance or fungal pathogenicity. The seedlings 
in the control treatments did not exhibit symptoms of infection by N. vasinfecta var. africana. The 
use of the seedling bioassay as a rapid and reliable technique to screen chickpea and soybean cultivars 
for Neocosmospora root rot will increase our knowledge and understanding of the plant response to 
N. vasinfecta var. africana and could be used to identify any resistant genes or resistance mechanisms 
within these species. The use of a method such as this seedling bioassay will minimise the possibility 
of infection escape and accurate differentiation between host plant resistance and fungal 
pathogenicity (Becerra Lopez-Lavalle et al. 2012). 
6.5 Conclusion 
The results of this chapter show chickpea and soybean seedlings are susceptible to N. vasinfecta. For 
the preliminary experiment, the chickpea plants inoculated with N. vasinfecta var. africana exhibited 
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typical symptoms of Neocosmospora root rot infection including leaf chlorosis, wilting of the whole 
plant and rotted root tips, confirming the pathogenicity of N. vasinfecta var. africana to chickpea in 
Australia. The pathogenicity of N. vasinfecta var. africana to chickpea seedlings was further 
established by the results of the seedling bioassays which also confirmed soybean cultivars are 
susceptible to N. vasinfecta var. africana at 7-21 days after inoculation under controlled conditions. 
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7 CHAPTER 7 
Preliminary determination of the host plant range of Neocosmospora vasinfecta 
var. africana within Queensland legume cropping systems 
 Introduction 
The interactions between plants and microorganisms can be complex and often influenced by 
transient environmental stress factors that determine the outcome of the association and the impact 
on the plant. These microorganisms can be classified as pathogens, endophytes or saprophytes with 
a biotrophic, necrotrophic or hemibiotrophic lifestyle (van Kan et al. 2014). Plant pathogens are 
considered to be adapted to exploit certain plant parts, and are likely to exhibit structural specificity 
in plants by utilising defined developmental stages or plant parts whereas saprophytes are able to 
parasitise some plants and live on dead or decaying plant material (Isaac 1992). Endophytes are able 
to live internally, either intercellular or intracellular, within the host plant tissues and have a 
relationship with the host that is primarily symbiotic however some endophytes can have a pathogenic 
lifestyle as well (Van Der Plank 1975). Pathogens typically have a host plant range that can be defined 
as the collective of host species that are able to be colonised by a parasite, however they can exhibit 
differential success on different hosts therefore host range pattern determination can be difficult 
(Beckstead et al. 2014) 
Neocosmospora vasinfecta var. africana is considered to be a soilborne necrotrophic pathogen and 
has been known to cause extensive root damage to the leguminous crops peanut (Arachis hypogaea) 
(Fuhlbohm et al. 2007; Gai et al. 2011a) chickpea (Cicer arietinum) (Ali et al. 2011) and soybean, 
(Glycine max) (Gray et al. 1980; Gai et al. 2011b; Greer et al. 2015) however there are few reports of 
the infection of other plant species as a pathogen, saprophyte or endophyte. Previous chapters have 
outlined the sporadic nature of outbreaks of Neocosmospora root rot, a disease of peanut caused by 
N. vasinfecta var. africana, and how these epidemics may occur therefore highlighting the need to 
investigate the potential alternate plant host range of the fungus. The success of a disease such as 
Neocosmospora root rot in annual crops from season to season is greatly improved if the 
overwintering crop is able to host the disease (Todd et al. 2010). Consequently establishing the host 
range of N. vasinfecta var. africana will provide information about the potential survival and 
proliferation of the soilborne fungus that may lead to outbreaks of disease in susceptible hosts.  
The aim of the work undertaken in this chapter was to determine if N. vasinfecta var. africana is able 
to colonise alternate plant hosts such as weeds, and cereal and fibre crop species which are known 
rotation crops with peanut in addition to the known susceptible leguminous hosts of peanut, chickpea 
and soybean. Owing to the difficulties encountered through root inoculation in Chapter 6 of this 
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thesis, vascular colonisation was utilised rather than direct root inoculation to provide an entry point 
for the fungus through wounding and to hasten the process of infection or colonisation. The rationale 
behind this technique was that many soilborne pathogens are causal agents for rapid vascular disease 
through colonisation of xylem cells (Yadeta & Thomma 2013), therefore this was the foundation for 
the decision to test vascular colonisation. This chapter will investigate the potential for the fungus to 
colonise these plants in an endophytic capacity rather than as a primary necrotrophic pathogen.  The 
results of this work will provide an indication of the potential for these alternate hosts to contribute 
to the survival and overwintering of the fungus through crop residue retention in the soil.  
 Materials and Methods 
7.2.1 Preliminary investigations of potential host plants of Neocosmospora vasinfecta var. 
africana 
7.2.1.1 Experiment 1: Legume species and cotton as potential hosts of Neocosmospora vasinfecta 
var. africana 
The objective of this experiment was to determine if N. vasinfecta var. africana is able to colonise 
the vascular tissue of leguminous and non-leguminous plant species including cotton (Gossypium 
hirsutum), chickpea (Cicer arietinum), soybean (Glycine max) and mung bean (Vigna radiata) 
through the introduction of the fungus to a stem wound. Fifteen seeds of each of the cotton cultivars 
43BRF, 73BRF and 75BRF; chickpea cultivars Kyabra, Jimbour, PBA HatTrick and PBA Boundary; 
of the mungbean cultivars Berken, Crystal, Green Diamond, Jade-AU, Regur and Satin II; and the 
soybean cultivars Bunya and Fraser were placed in an oven at 55°C for two hours to reduce seed 
borne fungi and bacteria. After removal from the oven, the seeds were cooled and surface sterilised 
by immersion in a 2% NaOCl solution for 5 minutes with gentle agitation and thoroughly rinsed twice 
with sterile deionised water before draining on sterile paper towel. The seeds were germinated on 
1.5% WA (see Appendix 2 for composition) for five days and any seeds exhibiting signs of fungal or 
bacterial infection/contamination were discarded. Two clean seeds of each cultivar were planted into 
a 1.9L pot filled with pasteurised potting mix (outlined in Appendix 3) with 5 repetitions per cultivar. 
At 14 days after emergence the seedlings were thinned to one seedling per pot and then maintained 
at 21-30°C for 30 days in a glasshouse under ambient light and watered as required (Figure 7.1). 
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Figure 7.1. Soybean, chickpea, mungbean and cotton seedlings inoculated with N. vasinfecta var. 
africana for preliminary host range studies. 
At 30 days after planting (DAP), a slit was made on the stem of each plant 10-20mm below the 
cotyledonary node using a sterile scalpel and a 7mm diameter agar plug from a three week old colony 
of N. vasinfecta var. africana (isolate EM1) was placed onto the wound. The agar plug and wound 
were wrapped with Parafilm™ to limit the introduction of other microbes to the wound and to 
minimise the wound site drying out. The plants were routinely monitored for symptoms of infection 
such as chlorosis, wilting or plant death until 90DAP. Then, the plants were gently removed from the 
potting mix and the roots thoroughly rinsed. Sections of the plant stem (60mm) were removed 20mm 
above from the site of inoculation and surface sterilised for 60 seconds in 2% NaOCl and a further 
30 seconds with 70% ethanol and rinsed with sterile deionised water and dried on sterile paper. 
Twelve small pieces were removed from each sterilised stem section, placed on ½PDAS and 
incubated for 14 days in the dark at 25°C in a laboratory incubator. 
7.2.1.2 Experiment 2: Cereals and other crop species as potential non-symptomatic alternate 
hosts for N. vasinfecta var. africana 
Following the initial study, the potential host range was expanded to include common rotation grass 
(Family Poaceae) crops, including corn (Zea mays), wheat (Triticum aestivum) and sorghum 
(Sorghum bicolor), in addition to peanut, chickpea, mungbean, soybean and cotton. The objective of 
this experiment was to confirm if N. vasinfecta var. africana is able to colonise the stems of an 
expanded host range of plants, including cereal crops. This study also investigated if the fungus is 
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capable of penetrating the epidermal layer of the stem without damage to the plant, or if a wound, 
such as that caused by mechanical injury, is used as an access point to the vascular tissue of the plant. 
To ensure only clean and disease-free seed was used, 45 seeds each of corn (cv. unknown), cotton 
(cv. 75BRF), soybean (cv. Bunya), mungbean (cv. Regur), sorghum (cv. G22), chickpea (cv. Kyabra), 
wheat (cv. Sunguard) and peanut (cv. PBR Holt) were surface sterilised in a 2% NaOCl solution for 
2 minutes and rinsed with sterile deionised water. Three seeds of each plant species were planted in 
1.9L pots filled with pasteurised potting mix (composition outlined in Appendix 3) and at 14DAP the 
plants were reduced to one plant per pot. At 30DAP, the stems of five plants were wounded using a 
sterile scalpel 20mm below the cotyledonary node, and a 7mm colonised agar plug cut from an 
actively growing colony of N. vasinfecta var. africana (isolate EM1) was applied to the wound and 
wrapped with Parafilm® as treatment A. Another 5 plants had a 7mm colonised agar plug placed 
against the stem 20mm below the cotyledonary node with no wound, and wrapped with Parafilm® as 
treatment B. Plants in the treatment C group had a sterile ½PDA plug applied to a stem wound and 
wrapped with Parafilm®. The plants were arranged in a completely randomized block design on the 
glasshouse bench. The blocks consisted of reps on different glasshouse benches. The plants were 
maintained in the glasshouse for 30DAI at 21-30°C under ambient light and watered as required 
(Figure 7.2).  
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Figure 7.2. Potential host range of N. vasinfecta var. africana expanded to include leguminous 
species and cereal grain crop species inoculated and maintained under glasshouse conditions. 
7.2.2 Infection of peanut rotation crop species with Neocosmospora vasinfecta var. africana to 
determine the host plant range 
From the results of the previous experiments (Section 7.2.1) it was apparent N. vasinfecta var. 
africana may have the capacity to colonise plant hosts other than legumes. The successful inoculation 
of cotton led to the expansion of the potential host range to include other common rotation crops, 
corn, wheat and sorghum in addition to peanut, chickpea, mungbean, soybean and cotton used in the 
pilot study (Section 7.2.1.2). The objective of this experiment was to determine if cereal crops and 
legumes other than peanut could be potential hosts for N. vasinfecta var. africana in either a 
pathogenic or endophytic capacity, and if the fungus is able to colonise the root system of the 
alternative host.  
For this experiment, 150 seeds each of peanut (cv. PBR Holt), soybean (cv. Bunya), chickpea (cv. 
Kyabra), mungbean (cv. Regur), sorghum (cv. G22), wheat (cv. Sunguard), cotton (cv. 75BRF) and 
corn (unknown cultivar) were selected. The cotton cultivar 43BRF was included as a check plant 
because it was the only cultivar not colonised by the fungus in the preliminary study. The seeds were 
placed into the laboratory oven at 50°C in paper bags for two hours and surface sterilised in a 2% 
NaOCl solution for one minute before rinsing with sterile deionised water for two minutes. The seeds 
were spread on individual germination trays (Figure 7.3A) and covered with damp paper towel and 
placed in a laboratory incubator in darkness at 25°C.  
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After seven days, the germination trays were removed from the incubator and any seeds not 
germinated or with fungal or bacterial growth were discarded. Three clean, disease-free germinated 
seeds from each species were planted into pasteurised potting mix in 1.9L pots in the glasshouse. Five 
replications were planted for each species with five blocks in total containing nine plant species. The 
pots were watered to field capacity in the glasshouse and maintained within a temperature range of 
10-30°C. At 14DAP the seedlings were thinned to one seedling per pot. At 30DAP the plants were 
assigned one of five treatments and inoculated accordingly. For Treatment A, a root cage was 
constructed to inoculate the roots of the plant without soil or root disturbance. The cages were made 
by drilling 4mm diameter holes along the length of a 10ml plastic centrifuge tube (Figure 7.3B). At 
14DAP the root cages were pushed into the potting media with the cap protruding above the soil 
surface (Figure 7.3C and D) to allow the roots to grow through the holes. At the time of inoculation, 
an agar plug (isolate EM1) was placed into the root cage in direct contact with the roots without 
disturbance (Figure 7.3F) for the roots to growth through the holes (Figure 7.3E).  For Treatment B, 
an ascospore suspension was prepared by flooding the plates of actively growing colonies of N. 
vasinfecta var. africana (isolate EM1 grown on ½PDAS) with 10ml of sterile deionised water and 
gently scraping the mycelium and perithecia into a further 100ml of sterile distilled water. After the 
solution was macerated in a Waring® laboratory blender and the concentration adjusted to achieve 
2.2x105 ascospores mL-1, 50ml of the solution was gently poured at the base of the stem on the soil 
surface. Treatment C involved wounding the stem 20mm below the cotyledonary node of plants using 
a sterile scalpel and an agar plug of N. vasinfecta var. africana (isolate EM1) placed against the wound 
and wrapped with Parafilm®. For Treatment D, stems were inoculated by placing an agar plug (isolate 
EM1) against the stem approximately 2-3cm below the cotyledonary node without wounding and 
wrapping with Parafilm®. The plants in treatment E were control plants, with germinated seed of 
each species planted directly into potting mix and grown without interference. The plants were 
randomly arranged within blocks on the glasshouse bench and maintained at 21-30°C for 80 days 
before being gently removed from the potting media and the roots thoroughly rinsed free of soil and 
other debris.  
The plants were weighed and the stem diameter, internal lesion and external lesion lengths at the point 
of inoculation were recorded for Treatments C, D and E. Sections of the plant roots from treatments 
A, B and E and sections of the stem 10mm above the point of inoculation of plants from treatments 
C, D and E were plated on 1/2PDA media supplemented with 0.01% streptomycin sulphate to 
determine if N. vasinfecta var. africana had colonised the tissue. 
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Figure 7.3. A) Seeds being prepared for germination. B) A root cage constructed from 10ml 
centrifuge tubes. C) The host range plants at the time of inoculation. D) Two root cages pushed into 
the media around a seedling to encourage root growth through the cage. E) A successful root cage 
with sorghum roots growing through the cage at the time of harvest. F) The inside of a root cage 
post inoculation with an agar plug colonised by N. vasinfecta var. africana.  
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7.2.3 Biomass comparison of various species inoculated with N. vasinfecta var. africana at 80 
days after inoculation 
An experiment was designed to investigate the potential impact N. vasinfecta var. africana may have 
on the development of a host plant after colonising the plant as an endophyte.  Twenty seeds of each 
species of peanut (cv. PBR Holt), soybean (cv. Hayman), chickpea (cv. Yorker), mungbean (cv. 
Green Diamond), sorghum (cv. G22), wheat (cv. Sunguard), cotton (cv. 75BRF) and corn (cv. 
unknown) were surface sterilised following the method outlined in section 6.2.1 and 10 disease-free 
seeds were selected and planted into 1.9L plastic pots containing commercial potting mix (Rocky 
Point Mulching). At 14DAP the plants were thinned to one plant per pot and four plants were 
inoculated with an agar plug cut from an actively sporulating colony of N. vasinfecta var. africana 
(isolate EM1) and the remaining plant inoculated with a sterile ½ PDA plug as a control. A slit was 
made in the stem of the plant 20-30mm below the cotyledonary node and the agar plug placed against 
the wound and wrapped with Parafilm®. The plants were maintained at 21-30°C in a glasshouse and 
watered as required. At 80DAP, the plants were removed from the potting media and the roots rinsed 
thoroughly to remove all potting mix and debris. The plants were drained and 10mm sections if the 
stem were removed from 20mm below the site of inoculation. The plants were placed into paper 
sample bags before drying in the laboratory oven for 72 hours at 55°C and weighed for total plant dry 
mass. The stem samples were plated in triplicate on ½PDA supplemented with 0.01% streptomycin 
sulphate and 0.08% rose Bengal and incubated at 25°C. 
7.2.4 Survey for weed species as alternative hosts for N. vasinfecta var. africana in Queensland 
From the information presented in Chapter 4, Neocosmospora vasinfecta var. africana is potentially 
endemic in all peanut growing soils in Queensland and therefore may be capable of colonising a wide 
range of host plants. The previous sections have outlined several crop species that are grown in 
rotation with peanut crops as a method of improving soil health, disease and weed control but are 
potential hosts of N. vasinfecta var. africana. The objective of this survey was to determine if common 
weed species growing in areas that have previously experienced outbreaks of Neocosmospora root 
rot of peanut crops or within areas that have plants actively infected by N. vasinfecta var. africana 
could be potential hosts for the fungus in an endophytic, saprophytic or even pathogenic capacity. 
Several species of crop weeds were sampled from peanut crops with plants infected by N. vasinfecta 
var. africana in Kumbia, south Queensland and from the Emerald region, central Queensland and 
transported to the laboratory in Kingaroy for species identification and analysis for N. vasinfecta var. 
africana in the root and stem tissue of the plants. Tissue from the stem, crown and main root system 
of the species listed in Table 7.1was placed on ½PDAS and three plates each of stem, crown and root 
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tissue were incubated in darkness at 25°C for 14 days and fungal colonies analysed via light 
microscopy for N. vasinfecta var. africana. 
Table 7.1. Weed species collected during peanut crop surveys in the Emerald and South Burnett 
regions, QLD. 
Region Weed Species No. Samples 
Emerald, central QLD Crown Beard (Verbesina encelioides) 23 
Johnson Grass (Sorghum halepense) 7 
Awnless Barnyard Grass (Echinochloa colona) 3 
Pig weed (Portulaca oleracea) 4 
Bell vine (Ipomea plebeia) 10 
African Turnip Weed (Sisymbrium thellungii) 2 
Wild Radish (Raphanus raphanistrum) 2 
Spurred Vetch (Vicia monantha) 1 
Small leafed mallow (Malvae parviflora) 5 
South Burnett, QLD Star Burr (Acanthospermum hispidum) 3 
Cobbler’s Pegs (Bidens pilosa) 3 
White Eye (Richardia sp.) 1 
Wild Radish (Raphanus raphanistrum) 7 
Small leafed mallow (Malvae parviflora) 6 
Bell vine  (Ipomea plebeia) 10 
Native Amaranth (Amaranthus interruptus) 2 
Noogoora Burr (Xanthium pungens) 8 
Blue Heliotrope (Heliotropium amplexicaule) 2 
 
 Results 
7.3.1 Preliminary investigations of potential host plants of Neocosmospora vasinfecta var. 
africana 
Experiment 1: Legumes and cotton as host plants for N. vasinfecta var. africana 
Symptoms of chlorosis of the lower leaves and stunted growth, did not develop in mungbean, 
chickpea, soybean and cotton plants until 50DAI (Figure 7.4).  However, no wilting or plant death 
occurred on any plant over the course of the experiment.  N. vasinfecta var. africana was isolated 
from the stems of all plants with the exception of the cotton cultivar 43BRF. An ANOVA found that 
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the difference colonisation of each species and cultivar was significant (P=0.00). A Fisher’s LSD test 
found there were significant differences between certain plant species and cultivars for the percentage 
of infected plants (Figure 7.5). At 50DAI over 50% of inoculated plants of all cultivars except the 
cotton cv. 43BRF displayed symptoms of infection (Figure 7.5) with N. vasinfecta var. africana being 
isolated from all of them except cotton cv. 43BRF. The pathogen was also isolated 20mm away from 
the site of inoculation on the stems of plants with no obvious disease symptoms in all cases except 
cotton cv. 43BRF. The root system of most inoculated plants was also blackened and rotted and 
partially decayed (Figure 7.4). Vascular discolouration was observed inside the stems of both of the 
inoculated soybean cultivars and the mungbean cultivar Regur. No symptoms or signs typical of 
infection by N. vasinfecta var. africana developed on any of the control plants.  
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Figure 7.4. A) Chickpea cv. PBA HatTrick root system; B) Mungbean cv. Satin II plants displaying 
chlorosis. C) Stunted cotton plants of cv. 74BRF; D) Mungbean cv. Regur root system after 
inoculation. 
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Figure 7.5. The infection incidence of plants from each species and cultivar that were colonised by 
N. vasinfecta var. africana following wound inoculation of the stem. Means with different letters 
are significantly different at the p<0.05 level based on a Fisher’s LSD paired means comparison. 
Experiment 2: Cereals and other crop species as potential non-symptomatic alternate hosts for N. 
vasinfecta var. africana 
All of the plant species included in this experiment had N. vasinfecta var. africana isolated from the 
stem of the plant at least 20mm away from the site of inoculation.The fungus was isolated from the 
stem of plants of peanut, mungbean, chickpea and the cotton cultivar 43BRF inoculated with a stem 
wound (treatment A) and without a stem wound (treatment B). The difference in infection between 
species was significant (P=000) and the difference between treatments was also significant (P=0.005) 
for each species based on a two factor ANOVA. Neocosmospora vasinfecta var. africana was also 
isolated from the stems of plants of corn, sorghum and wheat which had been wound inoculated. 
Figure 7.6 displays that > 40% of plants of all crop species were colonised by N. vasinfecta var. 
africana from both treatments. All wound inoculated plants of mungbean, sorghum and wheat were 
colonised by N. vasinfecta var. africana and all plants of peanut, mungbean and cotton (cv. 43BRF) 
colonised by N. vasinfecta var. africana without a stem wound. Cotton cultivar 74BRF, corn, sorghum 
and wheat were not colonised by N. vasinfecta var. africana without a stem wound.  
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Figure 7.6. The colonisation of crop species by N. vasinfecta var. africana either using a stem 
wound (treatment A) as a point of entry or without a stem wound (treatment B) as a point of entry to 
determine a host range. Bars = standard error. 
7.3.2 Infection of peanut rotation crop species with Neocosmospora vasinfecta var. africana to 
determine the host plant range 
For all plant species tested, N. vasinfecta var. africana was isolated from the vascular tissue of the 
stem 20mm from the site of inoculation at 80DAP with and without a stem wound (Figure 7.7). No 
symptoms were produced by N. vasinfecta var. africana inoculation of the roots for treatment A (root 
cage inoculation), and the fungus was not isolated from the roots or the crown. Only 20% of the 
peanut plants had N. vasinfecta var. africana isolated from the root tissue after soil drenching for 
treatment B (ascospore soil drench) but N. vasinfecta var. africana was not isolated from the root 
tissue of any other plants. The most successful treatments were treatments C (stem wounding) and D 
(no stem wounding), with N. vasinfecta var. africana isolated from at least 40% of the plants from 
each treatment for all of the plant species. The pathogen was not isolated from any of the plant species 
in treatment E. 
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Figure 7.7. The percentage of plants in treatments B, C and D that were infected with N. vasinfecta 
var. africana after inoculation using soil drenching (Trt B), stem wounding (Trt C) and no stem 
wound (Trt D). Treatments A and E are not represented because N. vasinfecta var. africana was not 
isolated from any of the plants in these treatments.  
 
The fresh weights of the plant species were analysed individually for comparison, and from Figure 
7.8 it is apparent the inoculation technique did not significantly influence the fresh weight of any of 
the plants species with no treatment maintaining a consistently higher or lower fresh weight. The 
control treatment (treatment E) for each species did not have a higher average fresh weight in 
comparison with the other inoculated treatments. A Tukey’s means comparison found the only 
species that had a significant difference (P≤0.001) between the inoculated treatments (treatments A, 
B, C and D) and the control treatment (treatment E) was wheat (Figure 7.8h).  
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Figure 7.8. Individual comparisons of means of the fresh weight (g) of a) Sorghum, b) Peanut, c) 
Soybean, d) Mungbean, e) Cotton cv. 43BRF, f) Cotton cv. 74BRF, g) Corn, h) Wheat and i) 
Chickpea for each inoculation treatment. 
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An external lesion at the site of inoculation with the agar plug of N. vasinfecta var. africana was quite 
pronounced for most plants in the wounding treatment C (Figure 7.9). There was no significant 
variation in lesion length across the plant species (P=0.109, Figure 7.10) with the mean internal lesion 
length ranging from 17 to 27mm. The corn plants recorded the highest mean lesion length in 
comparison with the other plant species.  
 
Figure 7.9. A lesion on the stem at the site of inoculation with N. vasinfecta var. africana for 
Treatment C of a chickpea plant. 
 
161 
 
 
Figure 7.10. Mean internal lesion length measured for all plant species inoculated with N. vasinfecta 
var. africana in Treatment C. Bars = standard error. 
7.3.3 Biomass comparison of various species inoculated with N. vasinfecta var. africana at 80 
days after inoculation 
Neocosmospora vasinfecta var. africana was isolated from vascular tissue of all plant species when 
sampled 20mm away from the site of inoculation on at least 25% of the plants (Figure 7.11) however 
none of the plants exhibited symptoms of infection by the disease by 65DAI (80DAP). N. vasinfecta 
var. africana was re-isolated from all of the inoculated plants of mungbean and >20% of plants of the 
other species.  
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Figure 7.11. The percentage of plants confirmed to be colonised by N. vasinfecta var. africana after 
inoculation via a stem wound for biomass comparison. Bars = standard error. 
None of the plants inoculated with N. vasinfecta var. africana exhibited any disease symptoms and 
the growth of the plant was not obviously inhibited in either the inoculated or control treatments. 
Figure 7.12 shows a comparison of means between the mean dry weights of plants inoculated with 
N. vasinfecta var. africana and the mean dry weights of plants that were not inoculated with N. 
vasinfecta var. africana. The dry weights of the control plants were slightly higher for chickpea, 
peanut, corn, sorghum and wheat and were slightly lower for mungbean, cotton and soybean and this 
effect was not significant (P=0.82). 
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Figure 7.12. Mean dry weight comparison between plants inoculated with N. vasinfecta var. 
africana and plants not inoculated (control) to determine if N. vasinfecta var. africana has a greater 
effect on the dry weight of the host range species. Bars = standard error. 
7.3.4 Survey for weed species as alternative hosts for N. vasinfecta var. africana in Queensland 
None of the weed species collected in the South Burnett region or the Emerald region in central 
Queensland outlined in Table 7.1 (Section 7.2.4) exhibited any symptoms of N. vasinfecta var. 
africana infection, and the fungus was not isolated from the roots, crown or stem of any specimens. 
Other soilborne fungi such as Sclerotinia minor, Fusarium spp., Penicillium spp., Trichoderma spp., 
Aspergillus niger and other Aspergillus species were commonly isolated from the roots. 
 Discussion 
Understanding and identifying the host range of plant pathogens is important for understanding the 
epidemiology of the pathogen and their impact on susceptible crop species (Martin-Sanz et al. 2018). 
The results reported in this chapter outline the need to investigate alternative plant hosts as a prelude 
to examining the potential survival and overwintering mechanisms and the pathogenicity of the 
fungus towards other plants. The aim of this study was to identify potential alternative host plants of 
N. vasinfecta var. africana and to investigate the pathogenicity of N. vasinfecta var. africana to these 
crop species. This work forms part of the big picture and looks at how N. vasinfecta var. africana 
may impact crop rotation systems in peanut growing areas in Australia. 
Inoculation of the stem tissue of all the crop species in this chapter did not produce any severe 
symptoms typical of Neocosmospora root rot such as leaf chlorosis, wilting, plant death or root rot 
unlike those reported by Gray et al. (1980) who used a similar technique to inoculate soybean or Ali 
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et al. (2011) who reported similar symptoms in chickpea. Peanut, chickpea and soybean are confirmed 
to host N. vasinfecta var. africana in a pathogenic capacity however expression of aboveground 
symptoms indicating pathogenic colonisation by N. vasinfecta var. africana were not observed in any 
of these susceptible species for the duration of the study which would not necessarily be expected 
with stem inoculation. Lack of symptom expression or even infection of the susceptible species points 
to an abiotic or even biotic stress that is required to boost the infection potential and therefore damage 
by the pathogen. At the completion of initial preliminary experiments, extensive root decay was 
observed in all of the chickpea cultivars and up to 100% of the plants had N. vasinfecta var. africana 
isolated from the vascular tissue 20mm from the site of inoculation, indicating that chickpea is likely 
to be susceptible to infection by the fungus. The mungbean and soybean cultivars exhibited some leaf 
chlorosis, particularly in the lower leaves, however damage to the root system was not as extensive 
as that observed for chickpea. The colonisation of the cotton plants was a surprising result considering 
N. vasinfecta var. africana was thought to primarily colonise leguminous species with a very early 
report by Smith (1899) who identified Neocosmospora spp. as the causal pathogen of wilt disease of 
cotton. Based on this report the possibility of other crop species such as wheat, corn or sorghum being 
alternative hosts was explored, particularly given these crops are commonly grown in rotation with 
peanut crops across Queensland and northern New South Wales. N. vasinfecta var. africana was able 
to colonise wheat, corn and sorghum plants in addition to the plant species used in the initial 
experiments via inoculation of a wound in the stem, however because no aboveground symptoms of 
infection were exhibited by any of the plants, it appears likely that N. vasinfecta var. africana is an 
endophyte only within these species. Inoculation of the roots of the plants via direct inoculation and 
soil drenching did not result in colonisation by the fungus, however N. vasinfecta var. africana was 
able to colonise the vascular tissue of plant stems when inoculated without a wound, which may be 
related to differences in the epidermal layer of the roots and stem.  
The presence of an internal lesion at the site of inoculation does not appear to be related to the 
pathogenicity of N. vasinfecta var. africana, and did not give an indication of the extent of 
colonisation of the vascular tissue of the plant stem. Phillips (1972) observed some internal browning 
of the stem of soybean plants inoculated with N. vasinfecta var. africana into a stem wound 
concluding that the fungus was able to colonise the pith but not the vascular tissue. Further work may 
be required to determine the nature of the internal stem tissue colonised by N. vasinfecta var. africana 
and if this could be related to the extent of fungal infection or the expression of symptoms of the 
disease.  
Many soil-borne fungi have broad host ranges that can encompass both commercially harvested crops 
and naturalised plant species however it is common for individual strains to infect and kill specific 
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hosts, such as in the case of Fusarium oxysporum which contains many different pathogenic formae 
speciales. Due to limited genetic diversity between strains within the same forma specialis, most 
strains are host-specific (van Dam et al. 2018) therefore identifying their host range is relatively 
straightforward. Neocosmospora vasinfecta var. africana behaves more like pathogens such as 
Sclerotinia sclerotiorum which has over 400 known hosts including peanut and other economically 
important legume species (Derbyshire et al. 2017) or Sclerotium rolfsii which also has a wide host 
range including some tree species and is able to produce varied above and below-ground symptoms 
(Mahadevakumar & Janardhana 2016). While the wider host range of N. vasinfecta var. africana is 
still under investigation, the work in this chapter provides a good starting point to determine the 
impact of the ascomycete on some of the economically relevant commercially cultivated crops in 
Australia and provide some insight into the host-specificity of the fungus as a pathogen or an 
endophyte. 
Given that severe symptoms of pathogen infection were not produced for any of the inoculation 
techniques used in the study, it is plausible to conclude that N. vasinfecta var. africana is able to 
readily colonise a wide range of plants in an endophytic capacity. This is further evidenced through 
comparison of plant biomass, which found there little difference between the biomass of inoculated 
plants and uninoculated plants therefore colonisation of the plant is inconsequential.  Further work to 
determine the translocation of the fungus following colonisation of the plant would establish if N. 
vasinfecta var. africana is able to readily move to other parts of the plant such as the nodes, shoot 
tips, flowers or seeds, and if it moves through the xylem or phloem from the point of entry.  
The endophytic potential of N. vasinfecta var. africana likely contributes to the survival and 
overwintering of the fungus on plant residue of crop species after harvest, particularly in farming 
systems based on minimum tillage and stubble retention practices. Colonisation of alternate host 
plants may also contribute to the proliferation of the disease in the soil when environmental conditions 
are favourable leading to severe outbreaks in peanut crops due to inoculum build up.  
 Conclusion 
The results of this study show that N. vasinfecta var. africana is able to colonise a diverse range of 
alternative crop plants including peanut, soybean, mungbean, chickpea, cotton, wheat, sorghum and 
corn. These plant species are widely grown as agricultural crops in rotation with peanut in 
Australia. Neocosmospora vasinfecta var. africana is able to colonise these leguminous and non-
leguminous species with or without a stem wound as a point of entry, however the extent of 
colonisation of the plant is unknown. The growth of plants appears to not be affected by the 
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presence of the fungus and no disease symptoms were produced following inoculation, therefore it 
is likely N. vasinfecta var. africana can colonise host plants in an endophytic capacity.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
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8 CHAPTER 8 
Factors affecting survival and overwintering mechanisms of Neocosmospora 
vasinfecta var. africana in peanut growing regions in Queensland 
8.1 Introduction  
The survival of plant pathogens relies on the infection of host plants in a continuous or discontinuous 
cycle to build up inoculum for infection and dispersal. There are several survival mechanisms for 
plant pathogen survival including soilborne, stubble-borne, airborne, water-borne, seed-borne inocula 
or through a vector for survival and dispersal with many pathogens utilising more than one of these 
methods. Neocosmospora vasinfecta var. africana is thought to be a soil-dwelling fungus (Turhan & 
Grossmann 1988) that is potentially endemic in most peanut soils in Australia with the potential to 
survive on previous crop residues. In contrast with airborne pathogens, most soilborne pathogens are 
usually only dispersed over short distances, and host invasions are more spatially contained for the 
latter type of pathogen (Otten et al. 2003). However, inocula of pathogens can be easily transported 
through machinery, water, animal movement and host seed (Leclerc et al. 2014) and survive in the 
soil in the absence of a living host. Many soilborne pathogens such as Fusarium, Rhizoctonia and 
Pythium are facultative saprophytes and can survive in the soil through colonisation of decaying plant 
material from previous crop hosts (Friberg et al. 2005). The infection of a plant by a soilborne 
pathogen is often characterised by the onset of above-ground symptoms such as wilting, dieback and 
discolouration or rotting of tissue. Soilborne pathogens can produce widely different symptoms 
individually or as part of a complex which is dependent on the availability of a susceptible host plant 
(Smiley et al. 2013).  
Stubble-borne pathogens are generally classified as pathogens that overwinter on the residues of host 
crop plants (Bockus 1998). The shift to minimum tillage and zero-tillage farming systems have seen 
an increase in disease invasions by stubble-borne, soilborne and even foliar pathogens as a result of 
crop residues not being incorporated well down into the soil profile and therefore providing a 
substrate for fungal colonisation (Bockus 1998; Dang et al. 2015). Some stubble-borne pathogens can 
be characterised by their ability to invade the above ground parts of the host plant, such as Fusarium 
pseudograminearum which infects the crown, sub-crown internode, basal internode and lower leaf 
sheaths of winter cereal crops (Chakraborty et al. 2006) and inoculum occurs as hyphae on the crop 
residues and grass weed species residues (Backhouse 2014) contributing to the overwintering and 
proliferation of the disease. Other stubble-borne pathogens such as Gaeumannomyces graminis, 
Cephalosporium gramineum, Rhizoctonia solani and Pythium spp. are root-infecting pathogens and 
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are able to survive between crops in infested host plant debris, saprophytically in soils or through 
long-lived resting spores (Bockus & Shroyer 1998; Donovan et al. 2006).  
In addition to the survival mechanisms of fungi as soilborne or stubble-borne pathogens, there are 
several other contributing factors that influence disease invasion such as soil and surface moisture, 
temperature, humidity, crop development and crop rotation (Kerruish 2001). The factors that 
influence outbreaks of N. vasinfecta var. africana in peanut soils in Australia are largely unknown 
however, given the wide distribution of N. vasinfecta var. africana outlined in Chapter 4 of this thesis 
it would appear the fungus is endemic in most Australian peanut growing soils, therefore outbreaks 
are likely to be influenced by inoculum build up in susceptible host residues or even through non-
susceptible host plant residues as a facultative saprophyte and abiotic influences.  Optimum 
conditions of the aerial and edaphic environment are required to trigger disease outbreaks and the 
temperature and moisture of the environment influences the incubation and infection period of a 
pathogen and the germination of fungal spores (Kerruish 2001).  Moisture can influence disease 
development, for example a period of leaf wetness can lead to the germination of foliar pathogens of 
peanut such as Puccinia arachidis or Cercospora arachidicola (Wadia & Butler 1994) and 
appropriate soil moisture can stimulate the germination of propagules of soilborne pathogens such as 
Cylindrocladium parasiticum (Phipps 1997) or Sclerotium rolfsii (Shokes et al. 1996). An 
understanding of the biology of pathogens through determination of the optimum climatic conditions 
also leads to a better understanding of the factors that affect inoculum production and the colonisation 
and infection of host plants. This is important for forecasting outbreaks and disease severity in peanut 
crops and to assist with utilising appropriate control methods to minimise the risk of damage by plant 
pathogens.  
This chapter focuses on some of the possible survival and overwintering mechanisms of N. vasinfecta 
var. africana in peanut growing regions in Queensland and the environmental conditions experienced 
during severe outbreaks of the disease. Minimal information is available outlining the conditions 
conducive to extensive hyphal growth of N. vasinfecta var. africana, however Fuhlbohm et al. (2007) 
and Pan et al. (2010) successfully cultured colonies of N. vasinfecta var. africana at 25°C and 
collected infected root samples from irrigated (i.e. well-watered) peanut fields.   
The aim of this study was to determine if N. vasinfecta var. africana is able to colonise dead substrates 
such as the residue of previous peanut crops or other host crops as a potential method for 
overwintering or survival in the soil. The optimum temperature and water activity conditions were 
also explored to determine the ideal range for growth and reproduction of the fungus for inoculum 
production, colonisation and infection of peanut plants. The Emerald and Ban Ban Springs regions in 
Queensland were the original areas in which N. vasinfecta var. africana was reported as a peanut 
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pathogen in Australia (Fuhlbohm et al. 2007), so historical climate data was examined to determine 
if any weather events that may have triggered outbreaks of the disease based on the information 
provided by the fungal biology studies. In addition to these studies, a preliminary investigation into 
the efficacy of seed fungicide treatments used in commercial peanut seed production against N. 
vasinfecta var. africana was undertaken in vitro to consider potential control methods for 
Neocosmospora root rot due to no available chemical, biological or cultural control techniques. 
8.2 Materials and Methods 
8.2.1 Preliminary study of the potential for N. vasinfecta var. africana to saprophytically 
colonise alternate substrates such as peanut shell as a mechanism for overwintering of 
the fungus 
The purpose of this experiment was to determine if N. vasinfecta is able to grow on peanut shell 
collected from field plants as a mechanism for survival in the absence of living or partially decaying 
plant tissue. To investigate this hypothesis, 100-150g of peanut shells were placed into nine 3000ml 
glass flasks and autoclaved dry for 60 minutes at 121°C and 15psi for three consecutive days. An 
ascospore suspension with a concentration of 2.5x105 ascospores/ml was prepared by scraping the 
surface of five actively growing colonies of the isolates EM1, K4293 and K4300 into sterile deionised 
water. The concentration was quantified using a haemocytometer and diluted as required and 50ml 
of the suspension was added to three flasks for each isolate. The flasks were shaken to distribute the 
suspension through the shell and the moisture content of each flask measured to be between 6 and 
9%. The flasks were incubated on the laboratory bench (approximately 21-25°C) and shaken each 
day to ensure uniform colonisation of the peanut shell (Figure 8.1). At 14, 28, 42, 56 and 70 days, the 
peanut shell in each flask was thoroughly mixed and 20 pieces were removed and placed onto ½PDAS 
(composition outlined in Appendix 1) and incubated on the laboratory bench at 21-25°C for 14 days. 
The percentage of of colonisation was assessed by the number of peanut shells N. vasinfecta var. 
africana was isolated from once removed from the flask and incubated on ½PDAS which was 
converted to a percentage of the total number.   
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Figure 8.1. Autoclaved peanut shell collected from field plants inoculated with N. vasinfecta var. 
africana (isolate EM1). 
8.2.2 Growth of Neocosmospora vasinfecta var. africana on harvested peanut plant material 
to simulate a potential survival mechanism in the field 
The nature of peanut plants and harvest activities of crops can leave behind a significant amount of 
crop stubble on the soil surface (Meriles et al. 2006) and depending on the tillage system utilised, this 
stubble will either be incorporated into the soil or remain on the surface, and while this is beneficial 
for soil structure, this can promote the survival of stubble borne pathogens (Dang et al. 2015). The 
aim of this study was to determine if N. vasinfecta var. africana is able to survive on residue from 
peanut crops infected with Neocosmospora root rot, or if it is able to colonise clean crop residue and 
therefore overwinter as a stubble borne pathogen until a suitable living host becomes available. To 
investigate this hypothesis, twenty 63 day old peanut plants grown in pasteurised potting mix 
(composition in Appendix 2) under glasshouse conditions (21-30°C) were inoculated with N. 
vasinfecta var. africana via a stem wound and soil drenching. Using a scalpel, a slit was made in the 
stem of each plant 20mm below the cotyledonary node and a 7mm diameter plug of agar cut from a 
16 day old culture of N. vasinfecta var. africana (a mixture of isolates EM1 and EM3) grown on 
½PDAS was placed against the wound and the wound wrapped with Parafilm®.  
An ascospore suspension was prepared by flooding 16 day old Petri dishes containing actively 
growing colonies N. vasinfecta var. africana (a mixture of isolates EM1 and EM3) and gently 
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scraping the surface using a glass rod to dislodge the mycelium and perithecia and adding to 100ml 
sterile deionised water. The concentration of ascospores/ml was quantified with the aid of a 
haemocytometer and the suspension diluted to achieve a concentration of 1.5x105 ascospores/ml. The 
soil around the base of each of 20 plants was drenched with 50ml of the ascospore suspension and 
the plants maintained at 21-30°C and watered as required for 90 days.  
To investigate the potential for N. vasinfecta var. africana to colonise clean plant residue, 100mm 
sections of dried peanut stems taken from 60-day-old plants grown under glasshouse conditions (21-
30°C) in pasteurised potting mix (Appendix 2) and dried in aluminium trays in a laboratory oven for 
seven days at 45°C. The stems were then autoclaved at 121°C and 15psi for 60 minutes on three 
consecutive days before oven-drying again at 45°C for three days. Agar plugs (7mm diameter) were 
cut from 21 day old cultures of N. vasinfecta var. africana (mixture of isolates EM1 and EM3) and 
placed at the end of 200 stems and wrapped with parafilm®. The inoculated stems were placed onto 
a layer of river sand previously sterilised at 121°C and 15psi for 60 minutes on three consecutive days 
with 50 stems in each of four containers and covered with paper towel and another layer of sand. The 
containers were covered with plastic bags and placed on the glasshouse bench and moistened every 
three days using sterile deionised water in a plastic spray bottle for 60 days. After 60 days, the stems 
were removed and the number of stems colonised by N. vasinfecta var. africana were counted and 
the progress of colonisation by mycelium or perithecia along the length of each stem measured.   
8.2.3 Colonisation of residue of crops grown in rotation with peanut by N. vasinfecta var. 
africana as a substrate for overwintering in peanut-growing soils. 
In most farming systems in Queensland peanut crops are commonly grown in rotation with cereal 
species such as maize or sorghum and some legume crops, including chickpea and soybean to 
minimise build-up of soilborne pathogens and to increase soil organic matter and structural stability 
(Triplett & Dick 2008). This study focussed on the potential for N. vasinfecta var. africana to colonise 
the residues of maize, sorghum, soybean and chickpea plants as well as peanut crop residues which 
may provide a mechanism for survival and subsequent inoculum build up in soils until a live host 
becomes available.  Seeds of maize (cv. Unknown), sorghum (cv. G22), chickpea (cv. Kyabra), 
soybean (cv. A6785) and peanut (cv. PBA Holt) were surface sterilised by placing into trays and in 
the laboratory oven for two hours at 50°C before immersing in a 1%NaOCl solution for five minutes 
and thoroughly rinsing with sterile deionised water. The seeds were covered with sterile paper towel 
for germination at 25°C for five days. Seed with no sign of fungal contamination was planted into 
1.9Lmm plastic pots filled with pasteurised potting mix (Appendix 2) and maintained in the 
glasshouse at 24-30°C for 120 days. The plants were watered as required and fertilised using Thrive 
All Purpose Soluble Fertiliser (Yates® Australia) every 21 days at a rate of 4.5g/L water. At 120 days 
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after planting, the stem of the plants were harvested using secateurs and placed on the glasshouse 
bench for 15 days to dry. The stems were cut into 100mm lengths and the ends inoculated with a 7mm 
diameter agar plug cut from an actively growing colony of N. vasinfecta var. africana (isolate 
BRIP56980) and wrapped with Parafilm®. After inoculation, 20 stems of each plant species were 
placed into 200x200mm bags made from flyscreen mesh (Figure 8.2) and one bag was placed 150mm 
below the surface of unpasteurised field soil (sourced from Redvale Research Station, Kingaroy) in 
33L plastic pots and another bag of 20 stems placed on the soil surface of the pots (Figure 8.3). Each 
plant species was allocated an individual plot that was watered from the top of the pot once a week 
to field capacity. Two stems were removed from the bags every 14 days and stem colonisation by N. 
vasinfecta var. africana measured using digital callipers to determine the daily growth rate of N. 
vasinfecta var. africana on crop residue. Every 28 days stem pieces were placed onto ½PDAS to 
confirm colonisation.  
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Figure 8.2. Stem pieces in mesh bags inoculated with N. vasinfecta var. africana for colonisation 
studies. 
 
Figure 8.3. Chickpea stems inoculated with N. vasinfecta var. africana on the soil surface to 
determine the rate of colonisation. 
8.2.4 Optimum temperature range for mycelial growth of N. vasinfecta var. africana in vitro 
The effect of temperature on mycelial growth of N. vasinfecta var. africana was explored in Chapter 
3 of this thesis, which found the optimum temperature for rapid mycelial growth was 30°C before the 
growth rate started to decline at higher temperatures. The optimal temperature range for mycelial 
growth of N. vasinfecta var. africana has not been reported previously, therefore the objective of this 
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study was to determine the ideal temperature range for mycelial growth of N. vasinfecta var. africana 
isolates to assist with understanding the epidemiology of Neocosmospora root rot outbreaks. Agar 
plugs 5mm in diameter were aseptically removed from 20 day old pure colonies of N. vasinfecta var. 
africana (isolates BRIP56980, BRIP56976 and BRIP52760) grown on ½PDA supplemented with 
0.01% streptomycin sulphate (½PDAS). The colonised agar pieces were transferred to fresh Petri 
dishes (20 replications per isolate) containing ½PDAS and incubated at 0,5,10,15,20,25,30 and 35°C 
(±2°C) in darkness in laboratory incubators. At 48 and 120h incubation, the mycelial colony 
diameters were measured in two perpendicular directions using digital vernier callipers, and the daily 
growth rate of mycelium calculated.    
8.2.5 Effect of water activity (aw) 
The effect of water activity (aw) on the growth of N. vasinfecta mycelium in vitro was studied at 20°, 
25° and 30°C to investigate the potential relationship between aw and the infectivity of N. vasinfecta 
to better understand the epidemiology of Neocosmospora root rot infection. To study the effect of the 
interaction between temperature and aw, a 5mm diameter colonised agar plug taken from each of the 
three isolates BRIP56980, BRIP56976 and BRIP52760 was placed in the centre of a Petri dish 
containing ½PDA supplemented with 0.01% streptomycin sulphate and 0, 17.4, 35.5, 65.7, 115.7 and 
142.0g/L-1 NaCl resulting in aw of 0.996, 0.990, 0.980, 0.960, 0.920 and 0.900 respectively (Latorre 
et al. 2012). After 48 and 120 hours of incubation the colony diameter was measured in two 
perpendicular directions. The design of the experiment was a completely randomised design with a 
3x3x6 factorial structure (isolate x temperature x aw) with three replications per isolate, temperature 
and aw.  
8.2.6 Climatic conditions experienced during Neocosmospora root rot epidemics 
The monthly minimum and maximum temperatures and monthly rainfall experienced in Ban Ban 
Springs, southern Queensland and the Emerald Region, central Queensland during the years of severe 
epidemics of Neocosmospora root rot were investigated to determine if there was a particular weather 
event that may have triggered or contributed to an outbreak of the disease. Neocosmospora root rot 
was first reported in an irrigated peanut crop in Ban Ban Springs in March, 2005 (Fuhlbohm et al. 
2007) and April 2007 (J Tatnell, unpublished data) in Emerald with outbreaks of the disease occurring 
in the following years. This study also looked at the weather conditions experienced during these 
outbreak events to determine if they are consistent between regions. Weather data was collected from 
the Australian Bureau of Meteorology for the peanut growing seasons from November to June in the 
years 2004/2005, 2005/2006, 2006/2007 for the Ban Ban Springs region (Ban Ban TM QLD 040827) 
and 2007/2008, 2008/2009, 2009/2010, 2010/2011, 2011/2012 and 2012/2013 for the Emerald region 
(Emerald Airport QLD 035264). The long term historical monthly averages were included to 
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determine if any temperature or rainfall events were above or below average. The peanut crops most 
severely affected by Neocosmospora root rot during these years (G. Wright and M. Ryley, pers. 
comment) were irrigated, but no data on irrigation application amounts or timing is available.  
8.2.7 Efficacy of certain fungicides against the growth of N. vasinfecta var. africana as a 
potential seed-borne pathogen. 
A study to explore the potential for N. vasinfecta var. africana to be seed transmissible was conducted 
based on prior reports of the fungus isolated from the testa of peanut seed collected from plants 
exhibiting symptoms and signs of Neocosmospora root rot infection in the Emerald region, central 
Queensland (J. Tatnell, unpublished data). There have been no published reports of N. vasinfecta var. 
africana as a seed-borne pathogen of peanut or other hosts, therefore it is unknown if the distribution 
of the fungus (outlined in Chapter 4) is the result of seed transmission. This could therefore be related 
to the increased number of outbreaks of the disease in previously unaffected areas. Conversely, the 
fungus may be endemic to soils in those areas. All peanut seed distributed for commercial crop 
production and research is treated with a fungicide to reduce crown rot of seedlings caused by 
Aspergillus niger and other seedling diseases. Two of the most common peanut seed treatment 
fungicides in Australia were used for this experiment; Dynasty PD® (Syngenta, active ingredients 
azoxystrobin 75g/L, fludioxonil 12.5g/L and mefenoxam 37.5g/L) and P-Pickel T® (Crop Care, 
active ingredients thiram 360g/L and Thiabendazole 200g/L) were applied to determine if there is a 
difference in fungicide efficiency against fungal growth of N. vasinfecta var. africana. Three isolates 
were used for this experiment, EM1, K4296 and K4300 which were seeded aseptically from 2-week-
old actively growing cultures onto full strength PDA (composition Appendix 1) with no amendments, 
100ppm (0.975g/L) or 200ppm (1.95g/L) of Dynasty PD® and P-Pickel T (selected based on 
unpublished pilot studies) from 20 day old actively growing colonies of each isolate. The plates were 
wrapped with Parafilm® and incubated in darkness at 25°C. After 7 and 14 days incubation, the 
colony diameter of each plate was measured in two perpendicular directions using digital vernier 
callipers to explore any differences in mycelial colony growth between the isolates for each media 
type and fungicide treatment. 
8.3 Results 
8.3.1 Colonisation of residue of crops grown in rotation with peanut by N. vasinfecta var. 
africana as a substrate for overwintering in peanut-growing soils. 
Peanut shell colonisation  
At 14 days after inoculation (DAI), each isolate of N. vasinfecta var. africana (EM1, K4293 and 
K4300) readily colonised the peanut shells collected from field plants at harvest maturity at 
temperatures of 21-25°C and moisture content between 6 and 9%. Mycelial growth was apparent on 
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the surface of the peanut shell and each fungal isolate produced abundant reddish-orange perithecia 
within 30-35 days after inoculation. Figure 8.4 demonstrates the combined percentage of peanut shells 
colonised by N. vasinfecta var. africana for all isolates. It is apparent that the number of shell pieces 
colonised N. vasinfecta var. africana consistently increased over time from 15% of shell colonisation 
at 14DAI to 95% shell colonisation at 70DAI. At 70DAI the majority of the peanut shell visible from 
the outside of the flask had mycelium and perithecia covering the surface so it was determined the 
flask was totally colonised by N. vasinfecta var. africana by 70DAI. 
 
Figure 8.4. The mean percentage of peanut shell colonised by the three isolates of N. vasinfecta var. 
africana (EM1, K4293 and K4300) from 14DAI. 
Colonisation of peanut stems by N. vasinfecta var. africana under controlled conditions. 
At 60DAI, the 200 peanut stems inoculated with agar plugs of N. vasinfecta var. africana and buried 
in sterile river sand were removed from the sand and inspected for fungal growth and colonisation. A 
total of 31% of the stems had visible signs of colonisation by N. vasinfecta var. africana.. Abundant 
reddish-orange perithecia containing asci and ascospores identical to those of N. vasinfecta var. 
africana were observed on the surface of the colonised stems (Figure 8.5 and Figure 8.6) for their 
entire length.  
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Figure 8.5. Peanut stems with perithecia of N. vasinfecta var. africana present on the surface of the 
stems. 
 
Figure 8.6. Abundant perithecia of N. vasinfecta var. africana covering the dried stem of a peanut 
plant. 
Simulation of saprophytic colonisation of other crop residues by N. vasinfecta var. africana as a 
mechanism for overwintering 
Neocosmospora vasinfecta var. africana was isolated from chickpea, peanut and sorghum stubble 10-
65mm away from the point of inoculation from the samples taken from the soil surface and below the 
soil surface. Fungal growth could only be distinguished on the stubble pieces up to 56DAI. At 70, 84 
and 98DAI no mycelium growth or perithecia were found on the stem pieces. Growth of other fungi 
was apparent by the presence of spores that were similar to Aspergillus niger or Macrophomina spp. 
 1mm 50x mag 
 1mm 50x mag 
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The chickpea stubble pieces on the soil surface had the highest daily growth rate at 2.2mm/day in 
comparison with peanut stubble at approximately 1.1mm/day and sorghum at 0.6mm/day (Figure 
8.7). Growth of N. vasinfecta var. africana on the chickpea and peanut stem pieces buried below the 
soil surface was around 1.5mm/day for both types and 1mm/day for the sorghum stubble pieces. 
Growth of the fungus below the soil surface was higher for both peanut and sorghum stubble however 
colonisation was greater for the chickpea stubble. No N. vasinfecta var. africana was isolated from 
the soybean or corn stubble samples either from the soil surface or below the soil surface. 
 
Figure 8.7. Daily growth (mm/day) rate of N. vasinfecta var. africana on chickpea, peanut, soybean, 
corn and sorghum to determine the rate of fungal colonisation of stubble pieces on soil surface in 
comparison with buried stubble pieces. Bars = standard error.  
8.3.2 Environmental conditions contributing to the growth and proliferation of the fungus 
and infection conditions of N. vasinfecta var. africana in vitro and under field conditions.  
8.3.2.1 Optimum temperature range for mycelium growth of N. vasinfecta var. africana in vitro 
Neocosmospora vasinfecta var. africana grew in vitro at varying rates dependent on temperatures 
between 15 and 35°C with no growth at temperatures between 0 and 10°C. The optimum temperature 
for mycelial growth was 30°C (Figure 8.8) with daily growth exceeding 8mm/day for isolates 
BRIP56976 and BRIP52760. At 30°C, isolate BRIP56976 had the greatest mycelial colony diameter 
at 47.9mm and isolates BRIP56980 and BRIP52760 had mean colony diameters of 44.0mm and 
41.5mm respectively. The temperature and isolate of N. vasinfecta var. africana individually had a 
significant effect on the mycelial growth (P≤0.001) and the interaction between the isolate and 
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temperature was also significant (P=0.025) (Table 8.1). The difference in mean colony diameters for 
each of the isolates at all temperatures was not significant (P=0.915). 
Figure 8.8. The effect of temperature on the mycelium growth rate of three isolates of N. vasinfecta 
var. africana known to cause Neocosmospora root rot of peanut in Australia. 
Table 8.1. Analysis of variance of the effect of temperature on three isolates of N. vasinfecta var. 
africana, BRIP56980, BRIP52760 and BRIP56976. 
Source of Variation df SS MS F P 
Isolate (I) 2 62.7 31.34 8.94 ≤0.001 
Temperature, °C (T) 7 24082.1 3440.29 981.14 ≤0.000 
I x T 14 105.8 7.56 2.15 0.025 
Error 48 168.3 3.51   
 
8.3.2.2 Effect of water activity and temperature on mycelial growth 
The three N. vasinfecta var. africana isolates grew in ½PDA with aw between 0.96 and 0.996 at 20, 
25 and 30°C. All three isolates achieved optimum mycelium colony growth at aw 0.996 independent 
of temperature, however there was no mycelial growth at aw 0.92 and 0.90. The isolate, aw and 
temperature had a significant effect on the growth of mycelium (P≤0.021) and there were significant 
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interactions (P≤0.001) between the three N. vasinfecta var. africana isolates (I) and temperature (T), 
I and aw, aw and T and between I, aw and T (Table 8.2) 
Table 8.2. Analysis of variance of the effect of water activity and temperature on the mycelial 
growth of the three N. vasinfecta var. africana isolates BRIP52760, BRIP56976 and BRIP56980. 
Source of Variation df SS MS F P 
Isolate (I) 2 96.3 48.17 4.05 0.021 
Water Activity (aw) 5 1215.0 405.00 34.07 ≤0.001 
Temperature, °C (T) 2 5746.1 2873.05 241.72 ≤0.001 
I x aw 6 819.5 136.58 11.49 ≤0.001 
I x T 4 333.2 83.29 7.01 ≤0.001 
Aw x T 6 689.2 114.87 9.66 ≤0.001 
I x aw x T 12 604.3 50.36 4.24 ≤0.001 
Error 72 855.8 11.89   
 
Large variation in mycelium growth for each isolate was observed at 30°C therefore the relationship 
between aw and mycelial growth for each isolate was analysed separately for 20, 25 and 30°C to 
account for anomalies in the growth pattern of the isolates at the higher temperature. At 20°C the 
difference in mycelium growth was significant (P≤0.001) and there was a significant interaction effect 
between aw and isolate (P=0.001; Figure 8.9). This interaction was also significant at 25°C (P≤0.001; 
Figure 8.10) and 30°C (Figure 8.11). The mycelial growth of the isolates at 30°C was significantly 
different (P=0.013), however the aw level did not appear to influence mycelium growth between the 
isolates (P=0.177). At 20, 25 and 30°C increased mycelial growth of each of the isolates was 
associated with higher aw.  
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Figure 8.9. An interaction plot showing the effect of aw on the growth of mycelium of N. vasinfecta 
var. africana isolates BRIP52760, BRIP56976 and BRIP56980 at 20°C after 120 hours. 
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Figure 8.10. An interaction plot showing the effect of aw on the growth of mycelium of N. 
vasinfecta var. africana isolates BRIP52760, BRIP56976 and BRIP56980 at 25°C at 120 hours. 
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Figure 8.11. An interaction plot showing the large variation in mycelial growth at 30 °C and the 
effect of aw on the growth of mycelium of N. vasinfecta var. africana isolates BRIP52760, 
BRIP56976 and BRIP56980 at 30°C after 120 hours. 
8.3.2.3 Climatic conditions experienced in the field during severe outbreaks of Neocosmospora 
root rot in Ban Ban Springs and Emerald 
Figures 8.12 – 8.17 display long term weather data of monthly rainfall, mean monthly maximum and 
minimum temperatures and the values for these parameters over several years at the Ban Ban Springs 
and Emerald regions. The 2004/2005 peanut growing season was the first season that Neocosmospora 
root rot was reported in Ban Ban Springs. Higher than average rainfall (70mm more than the 153mm 
total) was received in December 2004 however from February to May 10-20mm lower than average 
rainfall fell (Figure 8.12). The maximum temperatures experienced were 3-7°C higher than the 
monthly averages for January 2005 through to April and the minimum temperatures 1-3°C lower than 
the historical average (Figure 8.13 and Figure 8.14). The worst years for outbreaks of Neocosmospora 
root rot in Emerald were the 2007/2008, 2008/2009 and 2010/2011 seasons which all experienced 
20-150mm higher than average rainfall from November through to April. The maximum temperatures 
during this period during these years was lower than average with temperatures around 30-32°C 
which is within the optimum growth range for N. vasinfecta var. africana. In the 2012/2013 peanut 
growing season only minor incidence of Neocosmospora root rot was observed in the Emerald region 
(M. Ryley, J. Tatnell and K. Wenham pers. comm) and the average monthly rainfall from December 
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to March was 0-35mm below average and the minimum and maximum daily temperatures were 
around the historical average for all years or slightly below.  
 
Figure 8.12. The monthly rainfall averages for the peanut growing season (November to June) for 
the Ban Ban Springs area, north Burnett region in southern Queensland during the years 
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Neocosmospora root rot was reported in peanut crops in the area, compared to the long term 
average. 
 
Figure 8.13. The maximum daily temperatures (°C) for the Ban Ban Springs area during the peanut 
growing season in the years Neocosmospora root rot was observed in crops. 
 
Figure 8.14. The minimum daily temperatures (°C) for the Ban Ban Springs area during the peanut 
growing season in the years Neocosmospora root rot was observed in crops. 
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Figure 8.15. Monthly rainfall averages for the Emerald region during the peanut growing season 
(November to June) during years when outbreaks of Neocosmospora root rot were observed 
compared to the historical average monthly rainfall for the area. 
 
Figure 8.16. The maximum monthly temperatures (°C) in the Emerald region during the peanut 
growing season from November to June. 
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Figure 8.17. The minimum monthly temperatures (°C) in the Emerald region during the peanut 
growing season from November to June. 
8.3.3 Seed treatment fungicide efficacy against colony growth in vitro of N. vasinfecta var. 
africana as a potential method of minimising outbreaks of Neocosmospora root rot 
caused by seed transmission. 
The growth of mycelial colonies of N. vasinfecta var. africana was significantly reduced (P≤0.001) 
when the PDA media was supplemented with 100 and 200 ppm of Dynasty PD® and P-Pickel T®. 
Figure 8.18 shows the mean growth of all isolates (EM1, K4296, K4300) was significantly less 
(P≤0.001) at 100 and 200 ppm of both fungicides in comparison with mycelial growth on un amended 
PDA, however the growth reduction was not significantly different between the individual isolates 
(P=0.699). Figure 8.8 indicates P-Pickel T® significantly reduces mycelial growth of N. vasinfecta 
var. africana in comparison with Dynasty PD® (P≤0.001) however there was no significant 
difference (P=0.803) between growth reduction at 100 and 200 ppm for either fungicide.  
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Figure 8.18. The efficacy of two seed treatment fungicides, Dynasty PD and P-Pickel T, against 
isolates of N. vasinfecta var. africana (EM1, K4296 and K4300) mycelium growth in vitro as an 
indication of fungicide effectiveness against seed borne transmission of the fungus. Error bars = 
standard error. 
8.4 Discussion 
Soilborne pathogens are  able to saprophytically colonise a wide variety of substrates such as organic 
material retained from previous crops which is likely to be a major factor in the successful 
overwintering of fungi in soils (Baird et al. 1995). This study found 96% of the peanut shell debris 
was infested with mycelium and perithecia of N. vasinfecta var. africana, so peanut shells left in the 
field after harvest are likely to assist inoculum survival and perhaps build up in the soil, not dissimilar 
to what is observed for overwintering Didymella rabiei via the production of pseudothecia and 
pycnidia on retained chickpea debris (Chilvers et al. 2007). In addition, in the initial experiment using 
sterile peanut stems inoculated with N. vasinfecta var. africana at one end, 31% of the stems 
exhibiting visible signs of colonisation by the fungus at 60DAI. This experiment found N. vasinfecta 
var. africana is able to colonise dried peanut stems relatively quickly before decay of the stem is 
apparent, or before competition from other fungal species overwhelms N. vasinfecta var. africana.  
Saprophytic colonisation of residue by N. vasinfecta var. africana on other crop debris such as corn, 
sorghum, chickpea and soybean only produced minimal fungal growth on the stems on both the soil 
surface and buried 100mm below the soil surface. It is possible that exposure to sunlight inhibited the 
growth of N. vasinfecta var. africana and other fungal species as seen by the limited and relatively 
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slow growth of the fungus on all crop species. No mycelial growth of N. vasinfecta var. africana was 
observed on or isolated from the dried stems of corn plants or soybean plants. The lack of growth in 
of soybean stems is surprising given that the fungus has been reported on soybean stems in field-
grown plants (Gray et al. 1980; Greer et al. 2015) and that the experiments reported in previous 
chapters of this thesis showed that soybean plants were susceptible to artificial inoculation. The ideal 
conditions for stubble colonisation were not investigated in any of these studies and environmental 
conditions may play a key role in the rate of colonisation of N. vasinfecta var. africana mycelium.  
High rainfall in the month of December was observed in both Ban Ban Springs and the Emerald 
regions during the peanut seasons where severe outbreaks of Neocosmospora root rot was observed 
and soils were considered very wet to waterlogged for a period of time (J Tatnell, pers. comm). The 
first outbreak recorded at Ban Ban Springs during the 2004/2005 season where 150mm of rainfall in 
the month of December was 90mm higher than the historical average. However given that the crop 
was likely to be only 8-10 weeks old around this time (based on historical planting times for the area) 
and that the crop was also irrigated, infection may have been initiated by the weather events, but 
symptoms were possibly not immediately expressed. Higher than average maximum monthly 
temperatures at Ban Ban Springs from January to April may also have contributed to invasion of plant 
roots by N. vasinfecta var. africana, however this factor does not appear to be unusual based on the 
average maximum temperatures experienced in years no outbreaks of Neocosmospora root rot were 
observed.  
In the Emerald region, the most severe outbreaks of Neocosmospora root rot occurred in the 
2007/2008, 2009/10 and the 2010/2011 seasons which experienced above average rainfall of more 
than 100mm in the months December through to March. The average maximum temperatures for 
these months were close to the historical averages for the area, therefore it is unlikely that the air 
temperature alone had a direct influence on symptom expression and disease development. In this 
thesis it was found that the optimum temperature range for mycelial growth of N. vasinfecta var. 
africana in vitro was 25-30°C which is consistent with the average maximum and minimum 
temperatures recorded in both regions during the pod filling phase of crop growth. These temperatures 
are likely to be ideal for the proliferation of N. vasinfecta var. africana resulting in Neocosmospora 
root rot infection of peanut plants. Soil moisture is also likely to influence the growth of the fungus 
in situ based on the results of the water activity studies which found a relationship between increased 
mycelium growth of N. vasinfecta var. africana isolates and higher aw. Further work is required to 
investigate any potential correlation between soil-type, moisture capacity and aw with increased 
growth of N. vasinfecta var. africana, however based on the results of this study it is likely the 
pathogen favours warm, moist soil conditions for infection of susceptible host plants. It would be 
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beneficial to utilise simulation climate modelling as a tool to investigate more deeply the 
environmental conditions during noted outbreaks of Neocosmospora root rot. Firester et al. (2018) 
developed a weather-based simulation model to map the spread of Phytophthora infestans at a 
regional scale from season-to-season while determining seasonal risk of disease outbreak. A similar 
mathematical simulation model has been developed by Willocquet et al. (2018) to evaluate yield loss 
due to specific pathogens of winter wheat on a seasonal basis. While the two simulation models differ, 
it would be beneficial to look at a combination of risk evaluation and potential yield loss as a result 
of Neocosmospora root rot outbreaks. In Australia, Blackleg (Leptosphaeria maculans) is a one of 
the most prevalent diseases of Canola which has led to the development of a decision support system, 
BlacklegCM. BlacklegCM allows the user to input a variety of parameters such as paddock selection, 
cultivar, pesticide and fungus regime and economic variables to assess the impact of blackleg in their 
crops in that particular season (Sprague et al. 2013). The development of a simulation modelling tool 
to determine disease risk and disease loss as a result of seasonal climatic factors could allow for more 
accurate and appropriate use of climate data to determine the exact climatic conditions required for 
an outbreak of Neocosmopsora root rot.  
There has also been limited work conducted on the efficacy of fungicides against the growth of N. 
vasinfecta var. africana, therefore no information has been available for the potential of fungicides 
as a method of control for prevention of outbreaks of Neocosmospora root rot. Given the extensive 
distribution of the fungus throughout peanut growing areas in Queensland, the possibility of seed 
transmission was investigated through an assessment of the ability of two common seed treatment 
fungicides to control the fungus. Both fungicides minimised the mycelial growth of N. vasinfecta var. 
africana in vitro however P-Pickel T® (active constituents thiram and thiabendazole) proved 
significantly more effective and showed nearly complete efficacy against the fungus. More work both 
in vitro and as a pre- and post-emergent fungicide under field conditions would be required to 
determine if seed treatment could be an effective method of control of the transmission of the fungus 
on a commercial scale.    
8.5 Conclusion 
The results of this study show that N. vasinfecta var. africana is able to colonise the debris of some 
crop species as a method of overwintering and periods of increased rainfall and daily temperatures 
can lead to outbreaks of Neocosmospora root rot in peanut. Temperatures within the range of 25 and 
30°C are ideal for rapid mycelial growth of N. vasinfecta var. africana which is common during the 
summer cropping season for peanut and increased water activity also favours mycelial growth 
therefore N. vasinfecta var. africana favours a warm, moist environment. Sporadic outbreaks of the 
disease have meant that chemical control options have not been explored for the disease, but thiram 
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and thiabendazole were effective in reducing the in vitro growth rate of the fungus and may be a 
viable option to minimise the impact of the disease.  
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CHAPTER 9 
General Discussion 
The aim of this research was to investigate Neocosmospora root rot, caused by Neocosmospora 
vasinfecta var. africana, as an emerging disease of peanut in Australia. The six chapters in this thesis 
present new and significant findings on various aspects of the biology, ecology and aetiology of the 
pathogen, and have implications for improved understanding and future control of the disease for the 
Australian peanut industry. This thesis confirmed N. vasinfecta var. africana as the pathogen 
responsible for Neocosmospora root rot in peanut crops in Australia and also confirmed its 
pathogenicity to chickpea and soybean cultivars which had not been previously documented. 
Temperature, moisture and other pathogens were found to all have an indirect effect on the 
pathogenicity of N. vasinfecta var. africana and the range of host plants identified during this study 
has implications for the epidemiology of N. vasinfecta var. africana in Australian farming systems 
including survival and inoculum build up. 
9.1 Morphological and phylogenetic evaluation of Neocosmospora vasinfecta as 
a pathogen of peanut in Australia and elsewhere.  
Prior to the research presented in Chapter 3, the identity of the causal pathogen of Neocosmospora 
root rot in peanut in Australia and overseas has been uncertain. Fuhlbohm et al. (2007) reported the 
Australian pathogen as N. vasinfecta var. africana, their identification of the fungus being entirely 
based on the morphology of its’ sexual state. In China, Gai et al. (2011a) also reported N. vasinfecta 
var. africana as the causal agent of the disease (based on morphology and molecular data), while Dau 
et al. (2010) and Pan et al. (2010) both reported a root disease of peanut to be caused by N. vasinfecta, 
without fully identifying the fungus to the variety level. The aim of this chapter was to conclusively 
identify the pathogen in Australia using morphological and phylogenetic techniques, and compare 
these findings with the saprophytic fungus reported on rotting peanut plants in the United States of 
America (Kemerait 2000). A key finding of this work was identifying the Neocosmospora root rot 
pathogen in Australia as N. vasinfecta var. africana. The morphology of the fungus was consistent 
with the description given by Cannon and Hawksworth (1984), a finding which was supported by 
internal transcribed spacer (ITS) region sequencing. Morphological and sequence analysis (ITS) of 
isolates from the Tift County region, Georgia, United States of America could not conclusively 
confirm the saprophytic fungus commonly found in conjunction with other soilborne fungal diseases 
and viruses to be N. vasinfecta var. africana or N. vasinfecta var. vasinfecta.  The outcomes of this 
research also found there was little variation between the morphology, growth rate and temperature 
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response in vitro of Australian isolates of N. vasinfecta var. africana collected from infected peanut 
plants.   
9.2 Distribution and incidence of Neocosmospora root rot in peanut crops in 
Australia 
Chapter 4 examined the distribution and incidence of Neocosmospora root rot in Australia and the 
severity of these disease outbreaks in peanut crops from 2013 to 2016. The aim of this work was to 
identify if N. vasinfecta var. africana is found in all peanut growing areas and should therefore be 
considered to be endemic to these soils. This study confirmed that N. vasinfecta var. africana is found 
in all peanut growing soils in Queensland and northern New South Wales and other areas in Australia 
(Plant Health Australia 2001). This information, together with records from the Australian Plant 
Pathology herbaria, shows that N. vasinfecta var. africana is widespread in Australia having been 
identified from various hosts and soil in five states. Field surveys for disease incidence also found 
that the pathogen also affects peanut plants that have suffered mechanical damage from irrigation and 
spray tracks or where there is herbicide damage. Such damage may predispose plants to infection by 
N. vasinfecta var. africana and therefore may contribute to the spread of the disease from hot spots, 
or patches, of plants affected by Neocosmospora root rot. It is likely that Neocosmospora root rot 
originates from these hot spots and spreads to healthy plants from these infested areas. No evidence 
was found during this study that N. vasinfecta var. africana is an endophyte of peanut plants in the 
field because the fungus was never isolated from the roots or crowns of apparently healthy plants 
outside hot spots of symptomatic plants.  
It has also been hypothesised that N. vasinfecta var. africana may be a secondary pathogen or a 
saprophyte that is only found in peanut plants conjunction with another disease or virus, as it is 
apparently the case in certain peanut growing areas of the USA where N. vasinfecta var. vasinfecta is 
routinely found in plants infected with TSWV, Sclerotium rolfsii and/or nematodes (T. Brenneman, 
K. Wenham, pers. comm). During this study it was found that N. vasinfecta var. africana could have 
a synergistic relationship in peanut plants with the Tospovirus Tobacco Streak Virus (TSV), which is 
a significant pathogen of sunflower (Helianthus annuus) and leguminous crops including peanut, 
mungbean and soybean in the central Highlands region of Queensland (Sharman et al. 2016). Results 
of ELISA testing found that TSV was present in the roots of peanut plants also infected by N. 
vasinfecta var. africana, the first report of this relationship in Australia (M. Sharman, unpublished 
data).  Unlike the situation in the USA, in Australia N. vasinfecta var. africana can be consistently 
isolated from plants displaying symptoms of Neocosmospora root rot but which are not infected by 
TSV or another pathogen.  
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9.3 Confirmation of the pathogenicity of Neocosmospora vasinfecta var. africana 
to peanut in Australia 
The research conducted in Chapter 5 presented the greatest challenges throughout this thesis. Despite 
many attempts to inoculate peanut plants with various types of inocula under glasshouse conditions 
with N. vasinfecta var. africana, none of the techniques were successful. This result is in contrast 
with previous work conducted by Fuhlbohm et al. (2007), Dau et al. (2010), Gai et al. (2011a) and 
Sun et al. (2011a) who successfully replicated the symptoms of the disease in inoculated glasshouse-
grown peanut plants which may have been due to low viability of ascospores, difference in available 
peanut cultivars or varied environmental conditions that were not recorded. Subsequently, a seedling 
bioassay was developed which resulted in peanut seedlings exhibiting symptoms and signs of 
Neocosmospora root rot including chlorosis, root lesions, root decay and the development of 
perithecia on the roots. This major outcome of this thesis study confirmed the pathogenicity of N. 
vasinfecta var. africana in Australian peanut cultivars and the inoculation technique has the potential 
to be used as a reliable, low cost and rapid phenotypic screening technique for detecting resistance to 
N. vasinfecta var. africana within the Australian Peanut Genetic Improvement Program. A similar 
study conducted at the University of Georgia, USA using isolates of N. vasinfecta var. unconfirmed 
but suspected to be N. vasinfecta var. africana on US cultivars and breeding lines did not result in 
infection, indicating that the varieties of N. vasinfecta in Australia and the USA have a different 
lifestyle or infection conditions were not idea. 
9.4 The pathogenicity of N. vasinfecta var. africana to chickpea and soybean  
The aim of the study presented in Chapter 6 was to investigate the pathogenicity of N. vasinfecta var. 
africana to chickpea and soybean in Australia and to determine the most effective inoculation 
technique based on the findings of Chapter 5. It should be noted that most reports of soybean stem 
rot overseas identify the causal pathogen as N. vasinfecta var. vasinfecta (Gai et al. 2011b; Sun et al. 
2014; Greer et al. 2015). An important outcome of this work was confirming the pathogenicity of N. 
vasinfecta var. africana to 7-21 day old chickpea and soybean seedlings using the seedling bioassay 
technique developed in Chapter 5. This bioassay saw peanut, chickpea and soybean seedlings heavily 
colonised by N. vasinfecta var. africana through direct contact between the pathogen and the seedling 
root system in a controlled environment system. This technique also allowed preliminary observations 
of cultivar response to pathogen infection through varied symptom expression and seedling root 
system colonisation. The symptoms expressed by the seedlings were consistent with field reports, 
including wilting, chlorosis, stunted plant growth and root damage with orange-reddish perithecia 
being present on infected roots (Gray et al. 1980; Ali et al. 2011). Neocosmospora vasinfecta var. 
africana has previously been found in field-grown plants of both chickpea (Plant Health Australia 
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2001) and soybean (S. Thompson, unpublished data) in Australia. Neocosmospora root rot may in 
the future prove to be a threat to chickpea and soybean production in Australia. 
9.5 Preliminary determination of the host plant range of Neocosmospora 
vasinfecta var. africana within Queensland legume cropping systems 
Chapter 6 outlined an investigation of the potential alternate plant host range of N. vasinfecta var. 
africana to explore the capacity of the fungus as an endophyte rather than a necrotrophic primary 
pathogen. The results reported in this thesis represent the first report into the pathogenicity of N. 
vasinfecta var. africana on a range of hosts. This study confirmed that leguminous crops including 
peanut, chickpea, soybean and mung bean as well as corn, sorghum, cotton and wheat are able to be 
asymptomatically colonised by N. vasinfecta var. africana. The fungus was able to colonise the 
vascular tissue of the stem of these crop plants through a wound and by penetrating the epidermis of 
the stem without a wound when in direct contact with the fungus. Given the plants are largely 
asymptomatic, it was concluded that N. vasinfecta var. africana is able to adopt an endophytic 
lifestyle when the need arises. Most of these plant species are grown in rotation with peanut crops in 
many farming systems in the northern region of Australia, therefore these findings indicate N. 
vasinfecta var. africana may colonise other plant species when the opportunity is presented as a 
mechanism for overwintering until a susceptible host becomes available. Further work is required to 
determine the impact inoculation with N. vasinfecta var. africana may have on growth and yield of 
plants at harvest maturity and to determine the full extent of colonisation of the plant over time.  
9.6 Growth and survival conditions of Neocosmospora vasinfecta var. africana  
Chapter 8 focused on some of the possible survival mechanisms of N. vasinfecta var. africana in 
peanut growing regions and the potential environmental conditions that may have contributed to 
outbreak events. The aim of this study was to determine if N. vasinfecta var. africana is able to 
colonise non-living substrates such as the residue of previous peanut crops or other host crops as a 
potential method for survival in the soil. One key outcome of this work was determining that N. 
vasinfecta var. africana is able to colonise the residue of different crop species which may provide a 
substrate for inoculum build up and subsequent outbreaks. It was also found that environmental 
conditions may have significant importance in the incidence of outbreaks of Neocosmospora, as  it 
has mainly been observed in years when rainfall was much higher than average and therefore soil 
moisture was likely to be higher than under normal climatic conditions. This observation was also 
supported by measuring the fungal growth under variable water activity, which found that N. 
vasinfecta var. africana was able to grow rapidly at higher water activity with an optimum 
temperature range of 25-30°C, conditions that are often experienced during the peanut growing 
season. In addition, the optimum temperature for growth of N. vasinfecta var. africana in vitro was 
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found to be near 30°C, which is similar to stress-induced pathogens of summer crop plants such as 
Macrophomina phaseolina.  
Although this study has revealed several facets of the biology of N. vasinfecta var. africana the true 
nature of its lifestyle is still not clear. The fungus has been shown in these investigations to have a 
level of pathogenic capacity and also be capable of endophytic colonisation of several crop species, 
albeit restricted. The difficulty in producing symptoms on peanut plants older than 30 DAE which 
had been inoculated with several types of inocula including ascospores may be the result of unsuitable 
abiotic conditions during and after inoculation, low inoculum levels or the need for abiotic stresses 
such as temperature and moisture and/or biotic stresses such as flowering, or infection of the plant by 
another pathogen. N. vasinfecta var. africana might have a similar lifestyle to that of Macrophomina 
phaseolina, the causal agent of charcoal rot of many summer field crops including sorghum, maize, 
soybean, sunflower and mungbean (Fuhlbohm et al. 1996). That pathogen invades seedlings 
endophytically and remains latent until the infected plant undergoes an abiotic stress (high 
temperatures, low soil moisture or high soil moisture) at and after flowering (a biotic stress) which 
triggers the production of phytotoxins and the rapid invasion of plants (Ali & Dennis 1992).  
9.7 Summary 
While the morphological and molecular evaluation of N. vasinfecta var. africana has confirmed the 
pathogen under investigation in Australia throughout this thesis is indeed the fungus named, questions 
that have arisen during this investigation surround the correct identification of the pathogen in other 
countries where it has been reported as N. vasinfecta (Dau et al. 2010; Pan et al. 2010) without naming 
the subspecies or variety. Coupled with the difficulties experienced reproducing field symptoms 
under controlled environment situations using the inoculation techniques outlined in these research 
papers, it is necessary to investigate deeper into the true pathogenicity and epidemiology of N. 
vasinfecta var. africana in Australia and overseas. Based on several inconclusive reports, it is 
apparent that an integrative approach may be necessary to incorporate pathogen identification through 
the use of up to date molecular techniques such as illumine next-generation sequencing and 
characterising the host species and region where disease outbreaks have occurred to accurately 
determine and describe the epidemiology of the fungus, which is extremely important for the future 
direction of this work. An approach such as this may address some of the issues faced getting infection 
in glasshouse pot trials by determining patterns of potential abiotic stresses such as soil moisture, soil 
nutrition, temperature or rainfall; or if biotic factors such as the balance of the microbial community 
in the root rhizosphere may be contributing factors to disease outbreaks. Finding out more information 
in this area will allow for better determination of the risk of outbreaks of the Neocosmospora root rot 
disease under certain conditions, allowing growers and industry professionals to gauge the risk of 
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crop losses as a result of outbreaks. Determination of the factors facilitating infection of peanut, 
soybean and chickpea hosts will facilitate the development of risk management plans, which are 
important in the crop production space in all farming systems.  
In addition to this, looking at the broader host range of N. vasinfecta var. africana further than the 
preliminary studies in this chapter will assist with determining the geographical and spatial 
distribution of the fungus in the field and provide necessary information to confirm the hypothesis 
put forward in this thesis that N. vasinfecta var. africana is able to colonise plants in an endophytic 
capacity or survive on plant/crop residue as a saprophyte in the absence of a susceptible plant host. 
All of this information again will contribute to the current information known about the epidemiology 
of the fungus in Australia and overseas. The ability to screen crop varieties against plant pathogens 
has always been a large focus of plant breeding programs, and outbreaks of emerging diseases such 
as Neocosmospora root rot emphasise the importance of having the tools and knowledge to be able 
to carry out screening programs in a cost effective and time efficient manner to provide valuable 
information on the tolerance of commercially grown cultivars to plant diseases. Techniques such as 
the seedling bioassay developed in Chapter 7 of this thesis allow for rapid, low cost and quantifiable 
screening of available genotypes to provide the information on tolerance or resistance to pathogens 
to breeding programs which has been a large focus for this work. Further refinement is of course 
necessary to ensure the cost of time and resources is minimised without compromising results 
however the development of this screening test is a promising start for peanut, soybean and chickpea 
breeding programs should further severe outbreaks of the disease occur. It should be noted that there 
were no serious outbreaks of Neocosmospora root rot throughout this project and therefore it was 
difficult to work with the pathogen in the field and therefore quantify any glasshouse results which is 
an important consideration for future work on the disease.  
9.8 Recommendations for Future Directions 
1. It is recommended that more conclusive molecular analysis involving the TEF1-α region 
should be carried out on N. vasinfecta var. africana isolates from Australia and N. vasinfecta 
var. vasinfecta isolates from the USA. Sequence analysis of the TEF1-α gene may highlight 
diversity within Australian populations of the fungus that has been previously undetected 
using ITS region data and morphological analysis.  
2. More information is required to determine the origin and transmission of the fungus through 
the field during disease outbreaks to accurately predict damage to the crop. 
3. The interactions between N. vasinfecta var. africana and TSV in Australia as well as N. 
vasinfecta var. vasinfecta and TSWV in the USA and the effect on their pathogenicity and 
development of Neocosmospora root rot on peanut and other crops is worth of investigation. 
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Such studies would involve the artificial inoculation of the pathogens separately and in 
combination on target crop species at different times and together.  
4. As discussed above, the epidemiology of N. vasinfecta var. africana is still not well 
understood. A series of experiments to investigate the interactions between abiotic and biotic 
stresses, infection and colonisation by N. vasinfecta var. africana and disease development in 
plants of its hosts are need to fully understand these aspects of the pathogen epidemiology. 
5. It was established during this study that N. vasinfecta var. africana is capable of colonising 
living plants and dead residues of several grain and fibre crops which are important rotational 
options in Australian farming systems. Investigations into the relative importance of these 
modes of survival in the epidemiology of N. vasinfecta var. africana are warranted and would 
provide scientists, agronomists and growers with important information on the impact of 
different rotation systems.  
6. The development of a seedling inoculation technique during this study has laid the 
groundwork to develop a robust, repeatable test to screen breeding lines of peanut and other 
crop plants for resistance/tolerance to N. vasinfecta var. africana. Such screening techniques 
would provide a valuable tool for plant breeders in their quest to develop new varieties with 
a suite of desirable traits including resistance to major pathogens.  
7. Detailed studies of the in time weather and soil parameters which are conducive to disease 
initiation and development are warranted. In particular, the influence of temperature and soil 
moisture on the activity of N. vasinfecta var. africana would provide important information 
which could be used to better manage some agronomic practices, such as the timing and 
amount of irrigation in crops. Related crop modelling efforts incorporating a simple N. 
vasinfecta var. africana infection module could also assist in determining the likely risk of N. 
vasinfecta var. africana outbreaks on longer (e.g. decadenal) time scales. 
8. It was also established during this study that certain seed treatment fungicides such as P-Pickel 
T® may be effective as a method of pre-emergent control of N. vasinfecta var. africana by 
reducing the rate of fungal growth. This could provide a starting point for determination of 
suitable method of control of N. vasinfecta var. africana.   
9.9 Conclusions 
The studies presented in this thesis detail Neocosmospora vasinfecta var. africana as a pathogen of 
peanut, chickpea and soybean in Australia and outlines some of the conditions surrounding infection 
that may contribute to outbreaks of the disease. Neocosmospora root rot of peanut is considered a 
disease of great importance based on the destruction and economic losses that some Australian peanut 
crops experienced during severe outbreaks. The work outlined in this thesis highlight the challenges 
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faced during soilborne disease work, particularly when investigating emerging pathogens which have 
not previously been studied in any detail. While the Australian peanut industry is considered to be 
quite minor in comparison with other producing countries, it important from a production perspective 
and as a rotation crop in modern farming systems. Repeated severe outbreaks of Neocosmospora root 
rot may lead to the destruction of the peanut industry in Australia, therefore studies such as those 
presented in this thesis are important to provide information and potential control solutions for the 
longevity of the industry.  Continuation of this work is important to gain a complete understanding 
of the pathogens itself, the implications for the disease and abiotic and biotic factors that may lead to 
severe outbreaks of Neocosmospora root rot of peanut in the future.   
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Appendices 
Appendix 1: Potato dextrose agar 
 
Composition per litre:  
Full strength (PDA): 
 1L Deionised water 
 200g Potatoes 
 20g Dextrose 
 15g Agar 
Half Strength (½PDA): 
 1L Deionised water 
 100g Potatoes 
 20g Dextrose 
 15g Agar 
Quarter Strength (¼PDA): 
 1L Deionised water 
 50g Potatoes 
 20g Dextrose  
 15g Agar  
Method: 
1. Slice the potatoes and place in a 1L flask in 500ml deionised water 
2. Mix the dextrose and agar with 500ml water in a 1L flask 
3. Heat both flasks on high for 40 min or until potatoes are soft and agar is dissolved. 
4. Strain the potatoes and add the starch to the dextrose and agar. 
5. Make up to 1L if required. 
6. Autoclave at 121°C and 103.4 kPa for 15 min. 
7. Allow to cool, label bottle (name, date, media type) and place in laboratory refrigerator or 
pour into Petri dishes while still molten. 
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Appendix 2: Pasteurised potting mix 
 
Per 35L (1 x cement mixer): 
- 20L River sand 
- 13L buckets of fluffed up peat moss (ensure no lumps) 
- 1.3L Sieved red soil 
- 6g K2NO3 
- 10g Super Phosphate (finely ground using soil grinder or similar) 
- 40g Dried Blood Meal (Fish Cold Room) 
- 50g Lime 
- 120g Dolomite 
Method: 
1. Add sand, peat moss and red soil to cement mixer and turn on 
2. Add all other ingredients slowly so it is well mixed in 
3. Add water as required to make the mix moist but not wet 
4. Tip into plastic rubbish bin and put into soil bin 
5. Every 2 or 3 bins added press the potting mix down so pasteurization is more effective 
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Appendix 3: Water Agar Composition 
 
Composition per litre: 
2% Water Agar: 
- 1L Deionised water 
- 20g Agar  
1.5% Water Agar: 
- 1L Deionised water 
- 15g Agar 
Method: 
1. Mix agar into 1L deionised water 
2. Heat on high until the agar has dissolved 
3. Autoclave at 121°C and 103.4 kPa for 15 min 
4. Allow to cool and label (name, date, media type) and place in refrigerator or pour into Petri 
dishes while molten.  
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Appendix 4: Disease Rating Scale 
 
Score Description 
1 No lesions visible on the roots 
2 Some discolouration, mainly on the secondary roots 
3 More lesion development and significant on the taproot/hypocotyl 
4 Moderate to severe lesion development, especially on tap root/hypocotyl 
5 Severe lesions, plants dying 
 
 
 
 
 
